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This Western Electric employee mounts a transmitter in 
the test fixture which is swung down to free an artificial 
mouth at 45-degree angle, just as transmitters are held in 
use. More than a million transmitters are tested each year, 


his mouth speaks to millions 


To serve the changing needs of 
telephone subscribers millions of tele- 
phone sets have to be moved each 
year. Before being put back into serv- 
ice most of them are returned to the 
Western Electric Company’s Distrib- 
uting Houses where they receive a 
thorough checkup. 

Western Electric engineers needed 
a rapid method of testing transmitters 
over a range of frequencies. At Bell 
Telephone Laboratories, scientists had 
just the thing — a technique they had 
devised for fundamental research on 
transmitters. In co-operation with 
these scientists, Western Electric engi- 
neers developed the practical tester 
in the illustration. 

The transmitter is removed from 
the handset and put in front of an ar- 
tificial mouth which emits a tone that 
swings several times per second over 
a band of frequencies. A signal lamp 


BELL TELEPHONE LABORATORIES 


@ EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR 
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 


tells whether the transmitter is good. 
Each test takes 5 seconds. 

This new tester illustrates how Bell 
Laboratories research and Western 
Electric manufacturing skill team up 
to maintain your telephone service 
high in quality yet low in cost. 


At Bell Laboratories a scientist employs a 
condenser microphone to check the sound level 
from another type of artificial mouth, used in 
transmitter research. 
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ELECTRICAL ENGINEERING TEXTBOOKS 


Designed for TODAY’S Courses! 


LINES, NETWORKS AND FILTERS 


by William M. BREAZEALE, Professor of Electrical Engineering, The 
Georgia Institute of Technology; and Lawrence R. QUARLES, Chief 
Development Engineer, Oak Ridge, Tennessee, National Laboratory; 
Professor of Electrical Engineering, on leave, the University of Virginia. 


This book is suitable for third- and fourth-year engineering or physics students 
after a one-semester or quarter course in alternating-current circuits (see Tang’s 
ALTERNATING-CURRENT CIRCUITS below). Important features include 
(1) description of transmission lines under steady state conditions, with special 
discussions and examples of lines operating from 60 cycles to 3000 megacycles; 
(2) extensive use of vectors in developing transmission line relations; (3) exam- 
ples of modern Ea and illustrative applications of the telephone line equa- 
tions. Rationalized MKS units are used throughout. . 

300 pages, 165 illustrations, $4.50 


ALTERNATING-CURRENT CIRCUITS 


SECOND EDITION by K. Y. TANG, Professor of Electrical 
Engineering, The Ohio State University. 


Designed to be useful to both power and communication engineers, this new 
edition includes many changes, additions, and rearrangements, all made to im- 
prove the presentation of electric-circuit theory to assist the student in obtaining 
a better understanding of the basic principles of circuit analysis. As in the pre- 
vious book, each chapter has been made as independent as possible, can be se- 
lected at wiil to suit the icular needs of an introductory course in circuit 
analysis study to precede those in alternating machinery, power, and communi- 
cation networks. pages, 307 illustrations, $5.00 


ELECTRICAL ENGINEERING 


THIRD EDITION by Emerson E. KIMBERLY, Professor of 
Electrical Engineering, The Ohio State University. 


A new edition of a book written specifically for engineering college students not 
majoring in Electrical Engineering. Includes new and augmented material, par- 
ticularly on electronics and electronic devices, permanent magnets, and single- 
phase circuits, plus a full chapter on both direct- and alternating-current tran- 
sients. There are also revised and new problems. The important steps in the 
formula derivations are included. Applications of laws and formulas are illus- 
trated by means of numerical examples. 400 pages, 317 illustrations, $5.00 


Theory and Application of 


ELECTRICAL ENGINEERING 


by Eugene W. SCHILLING, Dean, School of Engineering, Montana 
State College. 


In this new book for service courses the emphasis is properly on circuit theory 
and machinery, although other subjects, especially electronics, illumination, and 
storage batteries, are covered more thoroughly than in most texts designed for 
non-electricals. The book is carefully illustrated, and there are sufficient as- 
signment problems on all topics. Throughout, there is good proportioning of 
material along with ioueal arrangement. Choice illustrative examples and 
problems have been utilized along with important tables. 

400 pages, 380 illustrations, $5.00 


Send for EXAMINATION COPIES 


INTERNATIONAL TEXTBOOK COMPANY 
SCRANTON 9, PENNSYLVANIA 


Our 60th Year! 
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THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
OFFICERS FOR 1951-52 
President: S. C. HouuisTER, Dean of Engineering, Cornell University, Ithaca, N. Y. 


Vice President (instructional division activities): L. E. GRINTER, Illinois Institute of 


Technology, Chicago 16, Illinois. 


Vice President (general and regional activities); M. M. Boring, General Electric Com- 


pany, Schenectady, N. Y. 


Vice President (Engineering College Administrative Council): J. H. LAMPE, Dean of 
Engineering, North Carolina State College, Raleigh, N. C. 


Vice President (Engineering College Research Council): G. A. ROSSELOT, Georgia 
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Treasurer: C. L. SKELLEY, The Macmillan Company.......... New York 11, N. Y, 


Secretary: ARTHUR B. BRONWELL......... 
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ANNUAL MEETING—DARTMOUTH COLLEGE 


Hanover, N. H. 


June 23-27, 1952 


Published monthly (except during July and dinars) at Prince and Lemon Sts., Lancaster, Pa., by the gusis 


Society Ld Engineering 
, Northwestern University, S. C. 


Education under of the Publication Committee:' A. B. 
M. Dawson. Entered as second class matter,  Oaaie 
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17, 1912, "at the Post er at Lancaster, 7 ole | the Act of August 12, 1912. Subscription Price, $5 
per year; Single Copies, $1.00 
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 N.y, | Coming in January... 


ee | The third edition of 
‘i¢ Com- MANUFACTURING PROCESSES 


By Myron L. Beceman, Professor of Mechanical 
Engineering, The University of Texas. This new edi- 
tion presents a clear picture of available manufactur- 
ing processes. . . including the fundamentals behind 
N.Y. them, the engineering materials involved, and the 
tools necessary for processing them. All the funda- 


Dean of 


i mental machines and processes are classified and 
: described in detail; the advantages, limitations, and 
ileataas range of application of each process and machine 
are given; and the tools for each machine are de- 
scribed. Fanuary 1951. 608 pages. Prob. $6.00. 
NS 


PLASTICS MOLDING 


: | By Joun Detmonte, Consulting Engineer and President 

of Furane Plastics, Inc. Places maximum emphasis on the 
selection and adaptation of equipment to molding problems, 
and shows the application of scientific principles to molding 
processes in a manner that should prove most useful to the 
industry. January 1952. Approx. 476 pages. Prob. $9.00. 


GOW 
LAN 
ide HELICOPTER ANALYSIS 
By ALEXANDER A. Nixouskxy, Professor of Aeronautical 

\OKMORE Engineering, Princeton University. A study of basic heli- 
| 2 copter theory by one of the country’s leading authorities on 
— rotary wing aircraft. The author covers theory first, and 
P then shows how it can be used in the analysis of basic heli- 
REY copter problems. He also includes many simple calculations 
. which enable the reader primarily interested in methods of 

calculation to use the methods without studying the theoret- 
ALSGROVE ical background. October 1951. 340 pages. $7.50. 

Send for copies on approval 

JOHN WILEY & SONS, INC. 
+ Amerie 440 Fourth Avenue New York 16, N.Y. 
er, October 
rice, $5.00 
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AN ELEMENTARY TEXT IN 
HYDRAULICS & FLUID MECHANICS 
Revised Edition 
W. Poweit 


New articles in this text are: Fluid Pressure Mechanisms, 
Submerged Weirs, Direct Solution of Pipe Problems, Flow 
Threugh Porous Material and Efflux of Compressible Fluids. 
531 problems are included. Published September 25 


ROUTE SURVEYS, Revised Edition 
Harry Rusey. 


In revision, the up-to-date material now includes logging en- 
gineering, cableways, and beltways. There are 21 chapters 
and an appendix in the new edition. Published in April— 
$5.25 


PRACTICAL PHOTOGRAMMETRY 
H. Oakey SHARP 


The author presents a concise discussion of the fundamental 
principles of photogrammetry with examples of practical ap- 
plications. Photographs and diagrams illustrate the material 
presented. Coming in November 


INTRODUCTORY SOIL MECHANICS 
& FOUNDATIONS 
Georce B. Sowers & Georce F. Sowers 


Providing the reader with methods for analyzing soil and 
foundation problems, this text shows how problems can be 
solved analytically instead of by guess. Published in June 
—$4.75 


r 
| 
e 


ELECTRIC CIRCUITS FOR 
ENGINEERS 


Epwarp K. Kraysitt 


This book aims to provide through a readable, teach- 
able style a basis for the electric circuit comprehension 
essential to further study of many branches of electrical 
engineering. 1950—$3.85 


INTRODUCTION TO THE STUDY OF 
AIRCRAFT VIBRATION & FLUTTER 
Rosert ScANLAN & Rosert RoseNBAUM 


The aim of this book is to present the minimum essen- 
tials of the theories of structures, vibrations, and aero- 
dynamics needed for effective work in the modern 
aircraft field of aeroelasticity. 1951—$7.50 


MOLESWORTH’S HANDBOOK OF 
ENGINEERING FORMULAE & DATA 


34th Edition 
A.sert THurston, Editor 


Completely re-written, re-illustrated, and re-arranged, 
this new edition of a famous handbook is fully indexed 
and contains much new subject matter. 1951—$6.50 


T {THE MACMILLAN COMPANY 
60 FIFTH AVE., NEW YORK 11, N.Y 
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Book Notes pom | PITMAN 


AIRPLANE AERODYNAMICS 

DOMMASCH, SHERBY & CONNOLLY 520 pages $6.50 
**. .. a real contribution to the art and science of aeronautics 
. .. the treatment is remarkable for its completeness and its 
clarity on every page. There are many explanatory sketches 
and diagrams that are most helpful in achieving that clarity, 
and there is always ample evidence that the authors not only 
know their subject but also appreciate fully the exact spots 
where the student needs special assistance in grasping the full 
significance of important relations. . . . The authors are to be 
congratulated on the excellence with which they have achieved 
their ‘fundamental purpose of creating an understanding of 
the how and why of modern aerodynamics.’ ’’— Aeronautical 
Engineering Review 
‘*The emphasis throughout the book on the fusion of design 
theory with the operational problems of the pilot makes it an 
excellent textbook for aeronautical engineering students.”— 
Journal of the Franklin Institute F 
**. . . stands out brilliantly as a down-to-earth practical ap- 
proach to the problem.”’—Aero Digest 


AERODYNAMICS OF SUPERSONIC FLIGHT 

ALAN POPE, Georgia School of Technology 185 pages $4.00 
**, .. Ina youthful, plain-spoken way, Pope outlines the well- 
known fundamental concepts of flow in ducts, two- and three- 
dimensional flow, the oblique shock and discussions of Ackeret’s 
and Busemann’s theories. . . . The value of the book is intensi- 
fied by the very late data and concepts incorporated in it.”— 
Aero Digest 
**Combines lucidity of presentation with practicality of cover- 
age. ... Alan Pope has set out to write a book on supersonics 
for undergraduates. He has succeeded admirably.’’—Aero- 
nautical Engineering Review 


AIRPLANE DESIGN MANUAL, 3rd Edition 
FREDERICK TEICHMANN 382 pages $7.50, 


This thoroughly revised and enlarged standard text correlates 
the art and science of design. It is the first really compre- 
hensive treatment with a logical presentation of procedures 
that permits both student and practicing engineer to add their 
own research information to meet special design requirements. 


AIRCRAFT MATERIALS AND PROCESSES 

Ath Edition 

GEORGE F. TITTERTON 352 pages $5.00 
Just published, this new edition contains the latest informa- 
tion on materials and processes used in aircraft construction, 
and suggestions on choice of material and on the best way of 
working, heat treating, and finishing materials for s 
applications. 


Send for examination copies 
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ENGINEERING Texts 
thoroughly pre- 
tested in the 
classroom 


ENGINEERING MECHANICS 


by Archie Higdon and William B. Stiles 
OUTSTANDING FEATURES: 


@ Well-balanced; equal emphasis on statics and dynamics. 


Clearly distinguishes between instantaneous position of a 
point and the displacement of a point during a time interval. 


@ Theoretical discussions and derivations concise yet com- 
plete enough so the student can easily follow them. 


Teacher’s Manual includes sample quizzes and examina- 
tions, including final examinations; worked out solutions 
for problems in text. 


505 pages 6x9 


REFRIGERATION AND AIR CONDITIONING 


by Richard C. Jordan and Gayle B. Preister 
OUTSTANDING FEATURES: 


@ Teachable and flexible: arrangement enables student to 
study theory for one phase of subject and then study 
application for the theory. 


@ Interest-catching applications of principles: cooling aircraft 
in stratosphere flight; frozen food; medical and surgical 
uses, etc. 


@ Teaching aids include numerous line-drawings and half 
tones, many references, sets of problems (with answers to 
half the problems included in the text.) 


512 pages. 6x9 
Send for your copies today 


PRENTICE-HALL, Inc. 70 Fifth Avenue New York 11, N.Y. 
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LIGHT, PHOTOMETRY AND ILLUMINATING ENGINEERING. - 


New Third Edition 
By Wixttam E. Barrows, University of Maine. 415 pages, $7.50 


An extensive revision and modernization of this standard text, this book includes 
data on the various types of lamps, illumination levels, utilization factors of 
luminaires and design data, together with the method of procedure in applying 
these data to the design of lighting installations. 


ADVANCED ENGINEERING MATHEMATICS 
By C. R. Wy tz, University of Utah. 640 pages, $7.50 


Provides an introduction to those fields of advanced mathematics which are 
currently of engineering significance. Covers such topics as ordinary and partial 
differential equations, Fourier series and the Fourier integral, vector analysis, 
numerical solution of equations and systems of equations, finite differences, least 
squares, etc. Relationships of various topics are emphasized. 


NATIONAL ELECTRICAL CODE HANDBOOK 


By ArtHur L. Appott. Ready in January 


Based on the 1951 Edition of the National Electrical Code, this book enables the 
reader to grasp readily the general plan, intent, and scope of the National Elec- 
trical Code requirements, to present discussions of the rules, and to make the 
practical applications of the rules clear and easily understandable. 


ENERGY SOURCES 


By Eucene Ayres, Gulf Research and Development Company, and CHARLES 
A. Scarott, Editor, Westinghouse Engineer. Ready in November 


The story of the manner by which man has contrived to wrest from nature the 
vast supplies of energy needed for his comfort and way-of-life and an account 
of the many activities underway in anticipation of the “climactic approach to 
exhaustion” of fuel resources. A thoughtful and authoritative analysis of past, 
present, and future. 
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SAMPLING INSPECTION BY VARIABLES 


By Avsert H. Bowker and Henry P. Goong, Stanford University. Ready 
in January 


Presents a comprehensive set of sampling plans for use when inspection of the 
item is by variables and when the lot is to be evaluated in terms of its percentage 
defective. The largest part of the book is practical, giving plans and procedures 
intended as working material for industrial use, while the rest of the text is 
theoretical, intended for mathematicians and statisticians interested in sampling 
inspection theory and practice. 


STUDIES IN LARGE PLASTIC FLOW AND FRACTURE. With 
Special Emphasis on the Effects of Hydrostatic Pressure 


By P. W. Brwcman, Harvard University. Metallurgy and Metallurgical 
Engineering Series. Ready in January 


A unique classic by a distinguished Nobel Prize winner, reporting his own 
experimental work on large plastic flow and fracture. Unusual and unexpected 
results were obtained, sometimes contradictory to theoretical expectations. In 
this text, the subject is discussed from the point of view of attaining a better 
understanding of flow and fracture in general through a consideration of behavior 
under extreme conditions. 


GRAPHIC ARTS IN ENGINEERING COMPUTATION 


By RanpotpH P. HoetscHer and S. H. Pierce, University of Illinois, and 
J. Norman ArNoip, Purdue University. Ready in December 


Designed for courses covering the principles and methods of the slide rule and 
the construction of alignment charts, including chapters on the starfdard slide 
rules, the derivations of empirical equations from laboratory or field data, the 
construction of nomographs by geometric methods and with determinants, the 
construction of special slide rules, and other topics. 


ALTERNATING—CURRENT MACHINES 
. By Georce V. MueEtter, Purdue University. Ready in December 


With underlying emphasis on design, this text presents an analysis of the con- 
struction and operating principles of transformers, polyphase induction machines, 
synchronous machines, single phase motors, and rectifiers. Standard symbols and 
abbreviations are used throughout. 


Send for copies on approval 


McGRAW-HILL 


BOOK COMPANY, Inc. 
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GAS TURBINES 


By H. A. SORENSEN, Professor of Mechanical Engineer- 
ing, Institute of Technology, State College of Washington. 


PRESENTS the thermodynamic principles, the elements of design, 
and the construction features of the gas turbine. The material is 
ancenged for a single presentation of each topic. Rather than indi- 
vidual study of the different types of power plants, the distinguish- 
ing characteristics of these types have been developed under perti- 
nent subject matter. Aircraft gas turbine engines, axial flow, and 
jet propulsion fully covered. $6.50 


STEAM POWER PLANTS 


By PHILIP J. POTTER, Professor of Mechani- 
cal Engineering, University of North Dakota. 


THE AIM of this book is to present the fundamentals of engineer- 
ing applied to the design of steam power plants. Principal atten- 
tion given to large central station design, as including problems of 
industrial and smaller plants. There is ample material for a two- 
semester course; suitable omission makes this textbook adaptable 
for shorter courses without loss of continuity. Appendix contains 
comprehensive problems of industrial design. $6.50 


STRUCTURAL DESIGN in METALS 


By CLIFFORD D. WILLIAMS, Professor of Civil Engineer- 
ing, University of Florida; and ERNEST C. HARRIS, 
Professor of Structural Engineering, Fenn College. 


FOR THE FIRST COURSE in design at the junior-year engineer- 
ing college level. Emphasis of the treatment is on structural desi 

through application of statics and strength of materials to details 
of design rather than to a complex complete structure. This study 
of details is applicable to all types of structures, and lg greater 
benefits for the time spent. Ponigletel up-to-date, this book re- 
ceived first award in a contest sponsored by James F. Lincoln Arc 
Welding Foundation. $6.50 


INTRODUCTION to MECHANICAL DESIGN 


By T. B. JEFFERSON, Editor, The Welding Engineer; and WALTER 
J. BROOKING, Special Projects Department, M. W. Kellogg Co. 


A TEXTBOOK presenting the subject from the viewpoint of the 
creative thinking of the engineer actually designing machines rather 
than simply considering their different elements as separate prob- 
lems. Design is approached as a whole in the light of a machine’s 
functional purposes, configurational requirements, and economic as- 
pects, the use of rational and — design data, and desired 
appearance, endeavoring to place all these in their proper art) 
tive. 


THE RONALD PRESS COMPANY 
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ELECTRONICS—Principles and Applications 


By RALPH R. WRIGHT, Associate Professor of Elec- 
trical Engineering, Virginia Polytechnic Institute. 


GIVES A BROAD COVERAGE of the basic applications of electron 
tubes in the fields of communications, industry, and controls, with 
an introduction to electron theory in the first chapters sufficient to 
give an adequate background for understanding practical applica- 
tions. Suitable for an introductory or survey course in electronics 
given to electrical engineering students as well as students in other 
engineering fields, and physics majors. $5.50 


METALS AND PLASTICS 


By THOMAS P. HUGHES, Assistant Professor of 
Mechanical Engineering, University of Minnesota. 


AIMS TO DEVELOP in the student the ability to appraise the ad- 
vantages and limitations of materials used in manufacturing and of 
the production processes by which they are made, in order for him 
to cope with the problem of producing functioning parts of prod- 
ucts at the lowest possible unit cost. Presents a comprehensive 
perspective of the various processes used in working metals and 
plastics, an explanation of their mechanical and physical properties, 
and the methods used in modifying these properties. $5.00 


SIMILITUDE in ENGINEERING 


By GLENN MURPHY, Professor of Theoretical 
and Applied Mechanics, lowa State College. 


AN ORGANIZED PRESENTATION of the problems of model 
design and interpretation of model tests for students with a work- 
ing knowledge of mechanics of materials and fluid mechanics. The 
concepts and techniques of dimensional analysis are developed and 
applied to develop principles of model design. A rational approach 
to design and interpretation of distorted models is presented and 
applied to problems in many engineering fields. A study of anal- 
ogies from standpoint of model-prototype relationships completes 
book. $7.00 


INTRODUCTORY PROBLEMS in ENGINEERING 


By C. W. CRAWFORD, Professor of Mechanical Engi- 
neering, Agricultural and Mechanical College of Texas 


DESIGNED TO BRIDGE THE GAP between the average high 
school course of study and the first college engineering course. 
Familiarizes students with types of mathematical calculations re- 
quired in various branches of engineering. Explains and demon- 
strates basic problem-solving methods, and thoroughly and system- 
atically explains the slide-rule. Provides a qicthod of orienting 
students and assessing their qualifications. $2.50 


15 E. 26th St., New York 10, N.Y. 
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Coming in late November . . . 
the new 1951 editions of 
Elwyn E. Seelye’s 


DATA BOOK FOR CIVIL ENGINEERS 


“a regular reference library in itself” 
Volume I: DESIGN, Second Edition 


One of the most useful improvements in the second 
edition of Volume I is the greater number of “push-button” 
solutions now available to the reader. A good example of 
this is the increased size of the spread footing tables. These 
tables not only save the engineer time in finding the proper 
specifications for different loads and soil pressures; but they 
also eliminate the possibility of error through a wrong calcu- 
lation. 1951. In press. 


“a master guide to clear, accurate specification writing”’ 
g 


Volume Il: SPECIFICATIONS AND COSTS, Second Edition 


Every section of the second edition has been modernized, 
and many of the chapters have been expanded. The most 
important additions include: 

e Specifications for the elements of an industrial building. 

e Information on charging off obsolescence on structures. 

e An example of an evaluation report. 

e Costs of miscellaneous structures, such as ski-tows, tunnels, 
drive-in theatres, etc. 

e Costs per square foot of industrial buildings. 

e Relative costs of diesel, steam, hydro power, and the ele- 
ments which enter into these costs. 


1951. 506 pages. $13.00 


FUNDAMENTALS OF AUTOMATIC CONTROL 


By G. H. Farrinoton, Consultant Engineer. Ilford Lid., 
England. 1951. 285 pages. Prob. $4.50. - 


THEORY OF PERFECTLY PLASTIC SOLIDS 


By Wit.tam Pracer, Professor of Applied Mechanics, 
Brown University, and Puitip G. Honce, Jr., Assistant Pro- 
fessor of Mathematics, University of California at Los Angeles. 
A volume in Witey’s Martuematics Series. 1951. 
264 pages. $5.50. 


Send for copies on approval 


JOHN WILEY & SONS, INC. 


AKO Fourth Avenue New York 16, N.Y. 
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Engineering Planning 


By HAROLD S. OSBORNE 
Chief Engineer, American Telephone and Telegraph Company 


Last year in speaking to this group on 
the general question of engineering edu- 
eation and the requirements of industry, 
I remarked that the young engineer as he 
comes into industry generally has little 
conception of what is involved in carry- 
ing out the broad range of engineering 
studies which can be described as engi- 
neering planning. My assignment today 
is to enlarge on that remark and dis- 
cuss the possible relation of engineering 
planning to the curriculum of the engi- 
neering school. 

What is Engineering Planning? 

It seems desirable first to outline what 
is meant in this discussion by the term 
“engineering planning.” This seems par- 
ticularly necessary because the word 
“planning” is very widely used, and even 
abused, in relation to a great deal of 
human activity in all fields of work. 

Engineering plans are of many types. 
While no classification can be cleancut, I 
think it is helpful in our discussion to 
name and define a few distinctly dif- 
ferent types. 

First there is the type of plan which 
consists of detailed specifications of a 
specific object or a type of object to be 
constructed. Examples of this are the 
specification for an electric generator or 
the plans and specifications of a building. 
Following Mr. Chester Barnard’s termi- 
nology I will call this the “explicit” 
plan. 


* Presented before a joint meeting of the 
Electrical Engineering and Industrial En- 
gineering Division at the ASEE Annnal 
Meeting, East Lansing, Michigan, June 26, 
1951. 


Young graduates of engineering schools 
are generally familiar with this type of 
plan—it is closely related to their col- 
lege work and they have an appreciation 
of the need for it and the problems in- 
volved. 

The next classification we will call the 
“project” plan. It relates to a complex 
of jobs which are involved in one project 
and to the inter-relations between these 
parts of the project. It often includes 
a number of explicit plans. 

An illustration of the project plan 
which is common in the telephone field is 
the replacement of a manual central of- 
fice with a dial central office. This often 
involves the selection and purchase of a 
site, the design and construction of a 
building designed to meet the special 
technical needs of the case, the selec- 
tion of the type of dial central office 
equipment to be used, the specification in 
detail of the quantities, types and inter- 
connection of a large variety of equip- 
ment units, the design of the floor plan 
layout, arrangements for the provision 
of power including usually both com- 
mercial power and an emergency engine 
driven generator set, the design and in- 
stallation of conduits and _ telephone 
cables to connect to the new equipment 
the telephone lines which are to be served, 
the changing of telephone sets or the 
installation of dials for all customers of 
the area, the instruction of customers in 
the new method of operation, the issu- 
ance of a new directory, provision for 
the future of operators who no longer 
will be needed at this location after the 
change to dial operation, and the em- 
ployment, and training of the additional 
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men necessary to carry out the work in- 
volved in the project and to maintain the 
new building and equipment in normal 
service. Very often a project includes 
also the provision of new means for han- 
dling toll messages and new terminations 
for toll lines. Underlying and preceding 
all of this work are the necessary studies 
to determine that the project is a de- 
sirable one from the standpoint of serv- 
ice, economy and the general develop- 
ment of the telephone system in that 
area, the best general location of the pro- 
posed new office and the time when the 
job should be done. 

This project includes a considerable 
number of interrelated explicit plans. 
It involves an intimate correlation be- 
tween all of these explicit plans to form 
an organic whole. When the project is 
carried out it involves also a close co- 
ordination of timing of a wide variety of 
jobs done by different groups of people. 

Illustrations of the project plan could 
be multiplied in all fields of engineering 
work. 

A third type of plan may be called the 
fundamental plan. This type of plan is 
more far-reaching and forward-looking 
than the project plan and correspond- 
ingly far less explicit. It expresses the 
best picture which can be prepared at 
this time of the future design of a plant 
or operating system. It is intended to 
erystallize the goal toward which cur- 
rent projects should be directed and to 
be used as a base of reference in the de- 
sign of all such projects. It is often of 
great importance in determining the 
future adequacy and financial health of 
the entire enterprise. 

An illustration of a fundamental plan 
is given in a paper presented last Jan- 
uary at the A.I.E.E. Winter Meeting by 
several engineers of the American Gas 
and Electric Service Corporation. This 
paper described the proposed 315-kilo- 
volt transmission system of the American 
Gas and Electric Company. Looking 
forward it was recognized that the pres- 
ent 132-kilovolt network in Ohio, Indi- 
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ana, and adjacent states would become 
inadequate. Extensive researches in the 
economies and problems of the use of 
higher voltages led to the selection of 315 
kilovolts as the best level for the new 
transmission system. Plans were then 
made of the points which should be in- 
terconnected by the new high voltage 
system, the tower and conductor design, 
number of circuits on each route, inter- 
connection with the rest of the system 
and all of the general features of this 
great project. This plan will serve as a 
guide in the design of the future trans- 
mission line projects of this power 
system. 

Another illustration of a fundamental 
plan is the nationwide toll dialing plan 
adopted recently by the Bell Telephone 
Companies. Toll dialing is the method 
of operation by which a toll call is com- 
pleted by mechanical means directly to 
the called telephone in the distant city 
without the assistance of operators at 
the distant city or at intermediate points. 
The electrical impulses which control the 
switches at remote switching points may 
be originated by an operator at the 
originating point, or directly by the 
customer by twirling his dial. 

Toll dialing has long been used in 
various parts of the country on a re 
gional basis. A number of years ago we 
initiated studies to determine whether the 
results achieved by the operation of these 
regional networks and the possibilities of 
further technical developments made it 
desirable to plan for the indefinite exten- 
sion of these forms of operation in one 
nation-wide interconnected network. Such 
a decision was made and a plan devel- 
oped which affects all future develop- 
ment of toll telephone installations 
throughout the country. 

The plan involved the adoption of 4 
new principle, namely, that the digits 
transmitted into the machine for com- 
pleting a toll call would designate only 
the destination of the call and not the 
route to be followed in reaching it—the 
route to be determined by the machine. 
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This made necessary the development of 
automatic switching machinery’ with 
greater powers of selection and direc- 
tion of routing than had been produced 
heretofore. 

The extension of customer dialing de- 
pends upon further technical develop- 
ments. New forms of machinery are 
necessary to record automatically all the 
information required for billing the calls. 

The plan involves major revisions of 
the general toll switching plan previously 
wed by the Bell Telephone Companies. 
The new toll switching plan concentrates 
the new and complicated forms of equip- 
ment at a relatively small number of eare- 
fully selected points. 

The plan involves development of radi- 
cally new trunking plans, taking advan- 
tage of the ability of the machine to test 
rapidly a number of alternative routes 
if the route first selected has all circuits 
busy. 

The plan involves the development of 
a non-conflicting system of telephone 
mmbers covering the entire area of the 
United States and Canada. Any tele- 
phone in this area will be uniquely desig- 
nated for toll dialing purposes by ten 
digits. These must be related closely to 
the local telephone number. The prob- 
lem of meeting these two requirements 
without conflicts is one of great com- 
plexity. 

I wish I could convey to you in a few 
words the fascination of work on this im- 
portant and far-reaching plan. It will 
provide gradually for a marked and 
general improvement of long distance 
telephone service throughout the country. 
It will be a basic guide in the investment 
of hundreds of millions of dollars in the 
onstruction of toll plant. It establishes 
quirements for telephone equipment 
vhich direct years of development work 
inthis field. It constitutes a major crea- 
tive effort on the part of a large number 
if engineers throughout the country who 
have taken part in the vast amount of 
work involved. 

While I have mentioned only two 
fundamental plans, engineering work 
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abounds with other illustrations. Prob- 
ably too there are many situations where 
a fundamental plan is needed and not 
made because of the preoccupation or 
limited horizon of those who would be 
responsible for such work. 

A fourth type of engineering plan 
which should be mentioned can be de- 
seribed as a program. The project plan 
does not of itself inherently include any 
schedule of the times at which various 
parts of the plan will be carried out. 
Such a program, however, carefully co- 
ordinated, is necessary for thé execution 
of the project. A fundamental plan is 
usually too forward-looking to be covered 
by a single program, but programs are 
prepared from time to time covering 
expected activity for a few years ahead. 
These programs are important to coordi- 
nate various projects for satisfactory 
development along the lines of the funda- 
mental plan. The preparation of pro- 
grams, therefore, while often associated 
with a project plan or a fundamental 
plan, is an independent act of planning. 

Within my experience, engineering 
graduates are often aware in a general 
way of project plans and familiar with 
plans described in current literature. 
They are usually quite unaware of the 
scope and variety of the work involved 
and of the problems of coordination and 
evaluation necessary in arriving at the 
decisions which must be made in such 
planning work. They are likely to have 
no conception whatever of the fundamen- 
tal plan. They do not have an apprecia- 
tion of. the importance of this type of 
planning in engineering work. 


The Principles of Engineering Planning 


I do not suggest that the student might 
be trained in his undergraduate work to 
be competent in engineering planning. 
Engineering planning is an advanced sub- 
ject—one of the highest forms of engi- 
neering activity. Accomplishment in this 
field depends upon a creative imagina- 
tion born of the union of natural ability 
and experience. All that we need to 
consider here is whether anything more 
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can be done than is now being done in the 
crowded years of the curriculum to train 
the young engineer in the techniques and 
principles which he will later apply in 
planning work and to give him an ap- 
preciation of the scope, amount and im- 
portance of this type of work in his 
future professional life. 

There are certain techniques which are 
important in engineering planning, on 
which it seems to me more emphasis 
could advantageously be placed. Of first 
importance among these techniques I 
place those of engineering economy. 
This subject enters in an important way 
in all engineering planning as well as in 
other engineering work. I don’t think 
that the young engineer is fully trained 
for professional work unless he is thor- 
oughly familiar with the principles of 
engineering economy. 

Another technique which applies to 
engineering planning work is that re- 
lating to precision. The inexperienced 
engineer working on an engineering plan 
may spend vast amounts of time and ef- 
fort in working out degrees of detail 
which are not significant. In such a plan 
the engineer is dealing with the future 
with all of the uncertainties which that 
term represents. He must determine 
what are the most significant variables 
in his problem, what are the probable 
degrees of variation and what effect these 
have on the outcome of his study. I 
would say that because of considerations 
of precision a forward-looking study 
generally should include only those de- 
tails which it is necessary or important 
to determine upon at the time. All other 
details should be left for further devel- 
opment by explicit plans made at the 
time action is taken on each part of the 
over-all plan. 

The ability of the young engineer to 
apply to a planning project the princi- 
ples of precision as above outlined cer- 
tainly is helped by his knowing the prin- 
ciples of elementary statistics particu- 
larly of sampling and of the precision of 
results. 

Engineering planning involves the use, 
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consciously or unconsciously, of the prin- 
ciples of logic. The planning work 
should be inclusive—no alternative com. 
pletely overlooked. There are historic 


_ cases where tremendous amounts of engi- 


neering effort were done unnecessarily 
because the work was started along the 
wrong lines. In practice, to be able to 
consider all alternatives requires ability 
in classification and comparison, so that 
the less favorable possibilities can be re- 
jected by classes or groups rather than 
individually. 

Througout the planning work it is nee- 
essary accurately to present and to judge 
comparisons of alternatives. These com- 
parisons often involve quite dissimilar 
conditions and the inclusion of both tan- 
gible and intangible factors. To sum 
these up so that the correct decisions can 
be made at each point as the work pro- 
ceeds is an important part of the tech- 
nique of engineering planning. 


Planning in Relation to the Curriculum 


In approaching the question of what 
relation the subject of engineering plan- 
ning has and should have to the curric- 
lum of the engineering school, I have dis- 
cussed the matter with 26 of the more 
recent engineering graduates in my own 
department. These men come from 2 
engineering schools all over the country. 

The men were unanimous in the opinion 
that it is important for the graduate to 
have an appreciation of engineering 
planning and nearly unanimous in beliey- 
ing that an effort should be made to get 
more of this training into the curriculum. 
Most of them recalled elements in their 
courses which they now recognize as 
training in planning, but consider that 
more could well be done. 

As regards specific techniques which 
might be made a part of the curriculum, 
the most conerete item I have to sug 
gest is engineering economy. Here is 
a considerable body of technical prit- 
ciples which are teachable. I have al 
ready expressed my opinion that these 
principles should be ineluded in every 
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engineering course. The same thing can 
be said regarding the techniques which 
wlate to determining the precision of 
results, the size of samples and similar 
dementary statistical methods. 

In addition there is a considerable 
body of principle which relates to plan- 
ning work. Some of this I have briefly 
suggested in this discussion. It might be 
“Applications of Logic.” While 
this theoretically might be the subject of 
a course, I am not suggesting that it be 
added to the curriculum. I have not 
sen any text which develops these prin- 
ciples in the tangible form necessary to 
make them attractive for use in engi- 
neering school courses. 

Without adding any subjects to the 
ariculum, however, it would appear 
that there is great advantage in includ- 
ing planning problems and a discussion 
of planning methods in the present sub- 


_Bijects of the curriculum to the extent 
*Wihis is practicable. 


This type of work is 
an excellent method of teaching the stu- 
dent to think, the basic aim of education. 

An important opportunity to include 
planning work in the curriculum is pre- 
sented by the laboratory exercise where 
the student is required to plan his own 
experiment in detail before going into 
the laboratory, rather than being given 
instructions which he is to follow. I am 
strongly of the opinion that one labora- 
tory experiment which the student has 
been required to plan completely him- 
lf is of greater value to him than two 
experiments in which he follows instruc- 
tions. 

In a few cases the young graduates 
whom I consulted referred to projects 
of a planning nature carried out by a 
group of students. In one case an entire 
summer course was devoted to this type 
of group planning. In several cases 


projects of a smaller nature planned by 
individuals or small groups were included 
in the regular winter work. 

The more complicated forms of plan- 
ning to which I have referred are neces- 
sarily beyond the scope of the student 
There would appear to be 


activities. 
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advantage in giving the student as much 
appreciation of this work as_ possible. 
It would seem that seminars and lectures 
by men engaged in engineering practice 
could be so directed that they would 
bring to the student a great deal of ap- 
preciation of planning processes. To do 
this, however, would undoubtedly require 
a careful steering by the faculty of the 
subject matter and form of presentation. 
It might require that the presentation 
by the outside engineer be supplemented 
by discussions of the project by a pro- 
fessor who is skilled in analyzing the 
elements of the planning process. 


Conclusion 


‘The analysis which I have tried to 
bring to you can be summed up in four 
points: 


1. The processes of engineering plan- 
ning, particularly, of what I have called 
project planning and fundamental plan- 
ning, are of wide and inereasing im- 
portance in engineering work. It is ad- 
vantageous to the young engineer to have 
an appreciation of the importance and 
scope of such work and to have as much 
training in the techniques which he will 
use in planning work as is practicable 
within the limits of the college years. 

2. Certain techniques are important in 
engineering planning and other engi- 
neering work and should be a general 
part of the curriculum of the engineer- 
ing school. Outstanding among these is 
engineering economy. 

3. Teaching the student to think clearly 
and logically is the best preparation for 
work in engineering planning as well 
as other engineering work. The inclu- 
sion in the curriculum of simple plan- 
ning problems would appear to be excel- 
lent training in this direction. 

4. It should be possible to give the stu- 
dent an increased appreciation of what 
is involved in practical engineering plan- 
ning work by directing to this subject 
seminars and outside lectures. Such di- 
rection would increase their value to 
the student. 


Research and Development: The Nation’s 


Balance Sheet 
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in June 1951* 


A. WALKER 


Dean of Engineering, Pennsylvania State College; formerly Executive Secretary, 
Research and Development Board 


The Pentagon, designed to accommo- 
date 18,000 people, is now straining at 
the seams with 32,000. Whether this is 
good or bad it is a small example of the 
pressure the national defense effort is 
exerting everywhere—not only upon our 
manpower and material resources but on 
the ability of the people to pay for it. 
We in the Defense Department are fully 
aware of this. We feel a keen sense of 
responsibility in our expenditure of the 
funds and manpower necessary to keep 
our defensive capabilities at a safe level. 
The magnitude of our task is illustrated 
by the fact that military research and 
development in 1951 costs more than 
seven times the amount of money ex- 
pended on our entire national research 
and development effort in 1940. In my 
remarks concerning the nation’s research 
and development balance sheet—and I 
am using the term “balance sheet” in 
its broad sense—I shall tell you some- 
thing of the amounts of money we are 
spending and how they are being used, 
the factors contributing to the increased 
costs of research and development, the 
current technical and scientific personnel 
shortage and measures for relieving this, 
and the position and problems of the 
Research and Development Board. As a 
point of departure, I shall first compare 
research and development expenditures, 


* Presented before the ECRC at a general 
session of the society at the Annual Meet- 
ing, East Lansing, Michigan, June 26, 
1951. 


both national and military, during the 
1940-1950 period. 

In 1940 the total national expenditure 
was about $350,000,000, while that of 
the military was in the neighborhood of 
$22,000,000. In other words, the military 
expenditure amounted to one fifteenth of 
the total national research effort. As of 
1945, the national expenditure had in- 
creased to 1.1 billion dollars and _ the 
military expenditure—including that of 
the Office of Scientific Research and De- 
velopment—had increased to $600,000, 
000. This military research figure was 
about one-half of the national total. 
During the five years preceding the out- 
break of hostilities in Korea the mili- 
tary research and development budget, 
exclusive of atomic energy, remained 
more or less constant with an annual 
expenditure of around $500,000,000; but 
the increased interriational unrest after 
June 1950 was instrumental in more 
than doubling this. One estimate places 
the current national research and devel- 
opment expenditure at 1.75 billion dol- 
lars and another sees it as a total of 
2.3 billion. Our military research and 
development effort now absorbs 1.1 bil- 
lion dollars, with a further increase of 
about $200,000,000 expected in 1952. 
The 1.1 billion is apportioned roughly: 
$3,000,000 for work done in government 
laboratories, $650,000,000 for project 
contracts with industrial installations, 
and $100,000,000 for research conducted 
by colleges and universities. 
cult to achieve any adequate measure of 
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he expenditures associated with research 
wd development, for the development 
wentually becomes testing and this is 
wot paid for out of research and devel- 
ment funds. 

Consider for a moment the effects of 
the budget increases. For one thing, we 
an expect that a large portion will be 
ibsorbed by rising costs. The Secretary 
if Defense recently stated that inflation 
is, in the past year alone, effectively 
ken from the military establishment 
ibout 7 billion dollars of the 35 billion 
wted to it by Congress. This inflation- 
wy trend has also been felt in the sphere 
if research and development. 

A number of factors have contributed 
jo the inereased cost of research and de- 


lopment. As of December 1950, mate- 
mals and service costs have gone up 19 


yr cent from the 1947 level and these - 


we still rising. The salaries of employees 
mder federal civil service increased 
tout 13 per cent during the same period, 
id it is reasonable to suppose that there 

been a comparable rise in those 
iid by industry and academic institu- 
ions. At present, the yearly cost of 
mintaining a scientist or engineer in a 
uboratory varies considerably even with- 
athe government. Approximations of 
wh costs are: $26,000 for the Depart- 
unt of Defense and other government 
wencies (except the Atomic Energy 
(mmission, where this expenditure runs 
» $30,000), $23,000 for industry, and 
8000 for universities. These differences 
te a result in part of different defini- 
ims of a “scientist or engineer,” but 
tey also reflect variations in the cost of 
le equipment used and the amount of 
vice help supplied the scientist by his 
tganization. These constitute sizable in- 
tases over such costs even six months 
wo. Then there is the matter of over- 
ime pay, necessitated by the current 
wrld situation, which will probably ac- 
mnt for an additional 10 per cent in- 
tase in the cost of the research pro- 
mm. As a general thing, the type 
i research we are conducting requires 
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very expensive equipment and facilities, 
such as large wind tunnels, high-speed 
electronic computers, and guided mis- 
sile test ranges. Since most of these have 
no industrial application it is necessary 
that they be constructed and operated at 
government expense. 


Engineering Manpower 


I turn now to the problem of man- 
power, which I realize is a question of 
particular interest to this audience. One 
of our major difficulties at present is 
the acute shortage of engineers and sci- 
entists, particularly those trained for re- 
search work. The nation’s scientific and 
technical manpower resources now total 
some 575,000 persons, of whom an es- 
timated 25 per cent are equipped to do 
research. The 25 per cent figure repre- 
sents roughly 130,000 research people, of 
whom about 25,000 are employed full 
time by the government, 70,000 by in- 
dustry, and 35,000 by colleges and uni- 
versities. The total number of engineers 
and scientists now required for the De- 
partment of Defense research program 
of 1.1 billion rounds out to 56,000, or 
43 per cent of the total national supply. 
It is expected that in 1952 this percentage 
will rise to 52, with a total requirement 
for 68,000 technically trained person- 
nel. If the research-personnel require- 
ments of the Atomic Energy Commission 
and other agencies engaged in defense 
research are included, the requirement 
reaches a staggering 65 per cent. 

The breadth of this military research 
effort is sobering as well as startling. We 
are confronted with the fact that a tre- 
mendous proportion of our scientific re- 
sources are being utilized for research on 
weapons, counter-measures, and_ tech- 
niques of warfare, and this must of nec- 
essity have a profound effect on our way 
of life. If we are to maintain a mili- 


tary research and development program 
and also provide for increased civilian 
research needs we must be sure that we 
are using our manpower as efficiently as 
There have already been dis- 


possible. 
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ruptions and dislocations in the fields of 
teaching and of academic and industrial 
research. In addition, we run the risk of 
lowering our national standard of liv- 


ing, of which we are justifiably proud,. 


through the diversion of our scientific 
research and development effort from 
civilian consumer goods to materials 
with which to meet military requirements. 
This could affect the morale of our peo- 
ple adversely, with consequent impair- 
ment of our military machine. We must 
also beware of a condition in which basic 
research, the life blood of scientific prog- 
ress, becomes excessively subordinated 
to applied research. Here, of course, it 
is encouraging to note that the picture 
has been brightened considerably by the 
formulation of a policy for military sup- 
port of such research—namely that the 
Departments should budget no less than 
6 per cent of their total annual research 
and development funds for basic re- 
search—and by the recent establishment 
of the National Science Foundation. 

I should not like to give you the im- 
pression, however, that all of the money 
and manpower expended upon military 
research leads only to destruction of life, 
health, and property with the attendant 
human misery. Such research, however 
deadly its intent, almost always produces 
something with a constructive applica- 
tion. Chemical and biological warfare, 
potentially deadly weapons, have made 
important contributions to the medical 
and veterinary sciences. Studies of the 
action of nitrogen mustards, developed 
as toxic chemical warfare agents, have 
revealed the destructive effect of these 
mustards on white blood corpuscles. 
This finding suggests their use in treat- 
ment of leukemia and has led to such em- 
ployment. Experiments with rinderpest, 
one of the most fatal animal diseases, 
have produced significant advances in the 
development of an_ effective vaccine 
against this disease. 

Many manufacturing techniques used 
in the production of television tubes have 
resulted from research on cathode ray 
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tubes used in radar. Military exper. 
mentation was responsible for a mop 
ruggedized picture tube capable of maxi- 
mum production in terms of quality anj 
quantity. The technique used in send 
ing television images from one station 
to another by radio links owes much ty 
the microwave relay links and equip 
ments developed for the armed service 
during the last war. 

The airborne magnetometer, developei 
to aid in the detection of submarines, has 
proved a very efficient tool for geophysi. 
eal prospecting for valuable minerals 
and for the determining of geological 
structures. 

These few examples should serve to re- 
mind you that while we in military re 
search and development are sowing 
dragon’s teeth we are also sowing good 


‘seeds which are already yielding a 


harvest. 

The great problem which confronts us 
at present is how to meet greatly in 
creased demands without making whole 
sale inroads into the scientific staffs and 
faculties of our industries and _ schools. 
It is universally agreed that to make such 
inroads would be to court disaster. But 
where are the additional people we need 
going to come from? This is a question 
to which some of you gentlemen may 
have an answer. It is certainly one that 
we all must think about very seriously. 


Declining Enrollments 


Another critical aspect of the overall 
problem is the fact that while our mili- 
tary research and development require 
ments have been increasing at such 4 
rapid pace, the number of college gradu- 
ates in the scientific and engineering fields 
has decreased almost comparably. The 
fall-off in engineering college enrdll- 
ments is particularly serious. Accord 
ing to the most recent figures I have seet, 
our colleges produced some 50,000 engi- 
neering graduates in 1950. This year wil 
see a decrease to 38,000, and by 1954 the 
total is expected to be 18,000. Dr. Jame 
R. Killian has recently estimated the 
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wmber of 1954 engineering graduates to 
te as low as 12,000. Either of these 
igures would leave us considerably short 
gf filling even the normal peacetime re- 
jlaeement need, and our demands have, 
of course, been greatly increased during 
the past year or so. I am reasonably 
wre that this shortage is also charac- 
ristic of scientific and technical fields 
wher than engineering; and it cannot 
je alleviated in any short period of 
ime. The situation will probably be even 
nore acute 10 or 12 years from now, 
ince an over-all decrease of 10 per cent 
nthe number of high school graduates 
sexpected between 1950 and 1958. 

The explanation for this appalling 
hortage of scientific and engineering col- 
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we graduates is not simple. The situa- 
ion is no doubt partially attributable to 
he decreasing numbers of capable sci- 
nee teachers in our high schools, for it 
sthese people who either stimulate or 
lil to encourage the desire for higher 
Wducation in the scientific fields. A short- 
ghted view held by some engineering 
lege administrators and faculty mem- 
is a few years back may also be blamed 
apart. There was, as you all must re- 
wmber, a widespread tendency to dis- 
murage prospective enrollees on the 
mounds that the employment market for 
agineers was in danger of being glutted! 
this view was probably based on figures 
mtained in a report entitled Employ- 
wnt Outlook for Engineers, released by 
ie Bureau of Labor Statistics of the De- 
wttment of Labor. Although the com- 
ieted report was not released until the 
ite spring of 1949, much of the mate- 
tl was available previously. 

Another complicating factor at the 
sent time is the extension of selec- 
ie service. A recent policy change has 
ken effected whereby college students, 
trough maintaining exceptional grades 
f passing a written examination pre- 
jited by Selective Service, may be de- 
ferred pending completion of their edu- 
ttion, but it is too soon to determine how 
fective this will be. An unidentified 
fudent, commenting on the draft-defer- 
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ment test, remarked that the Army is 
going to get a bunch of art students and 
psychologists if the test is used. If this 
young man is right we who are con- 
cerned with research and development 
will rest more easily, but I don’t think 
it would be wise to count on it. 

In addition to the demands of selective 
service, departmental call-ups of sci- 
entific reserve officers, particularly elec- 
tronies specialists, are cutting into ci- 
vilian scientific activities. 

The ultilization of scientifie and tech- 
nical personnel within the Department 
of Defense is yet another aspect of the 
problem. The Office of the Assistant 
Secretary of Defense for Manpower is 
working on a policy for the most effec- 
tive assignment of scientists and other 
specialists to military jobs. If adopted, 
this policy will help to prevent waste of 
scientific manpower acquired by the 
services. 

There are certainly no ready solutions 
to the technical-manpower problem. The 
stepped-up defense program requires ad- 
ditional personnel, and it is clear that to 
a great extent these can be obtained only 
at the expense of other research and de- 
velopment activities. If there is unrea- 
sonable competition between various 
agencie for needed personnel, additional 
fuel will be piled on the fires of inflation 
and our research and development dol- 
lar will buy less and less. 

Since I don’t want to sound like the 
definition of a pessimist that I heard 
recently—a person who must appear un- 
happy in order to be happy—lI should 
tell you that there are some promising 
aspects to the situation. As I said be- 
fore, only about 20 per cent of our trained 
engineers and scientists are actively en- 
gaged in research and development, but 
ways are being explored whereby the use 
of the national reservoir of technical 
personnel can be maximized. 


Engineering Manpower and Military 
Service 


The Buckley Committee, a staff agency 
under the chairmanship of Dr. Oliver E. 
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Buckley, Chairman of the Board of Bell 
Telephone Laboratories, has recently 
been organized to advise Defense Mobili- 
zation Director Charles E. Wilson re- 


garding coordination of government and. 


private scientific research and planning 
for defense. One of the problems which 
it will consider is the availability of sci- 
entific manpower. The membership of 
this group includes William Webster, 
Chairman of the Research and Develop- 
ment Board; Dr. J. Robert Oppenheimer, 
Director of the Institute for Advanced 
Study, Princeton University; Dr. Hugh 
L. Dryden, Director of Aeronautical Re- 
search, National Advisory Committee for 
Aeronautics; Dr. Detlev W. Bronk, Presi- 
dent of Johns Hopkins University; Dr. 
Alan T. Waterman, Director of the 
National Science Foundation; Dr. James 
B. Conant, President of Harvard Uni- 
versity; Dr. Lee DuBridge, President of 
California Institute of Technology; Dr. 
James R. Killian, President of MIT; Dr. 
Robert F. Loeb, of Columbia University’s 
college of physicians and surgeons; Dr. 
Charles A. Thomas, Executive Vice Presi- 
dent of the Monsanto Chemical Company. 

Problems dealing with the scientific- 
manpower shortage give rise to the ques- 
tion of some sort of national scientific 
service, however, and this is part of the 
over-all manpower problem, which cer- 
tainly cannot be solved overnight. In 
line with this, the American Association 
for the Advancement of Science re- 
cently approved a resolution stating in 
part 


... a system of Universal National Serv- 
ice, as distinct from Universal Military 
Service, should be instituted, to be adminis- 
tered by a carefully qualified civilian agency 
that will grant no deferments but will al- 
locate all scientific and technical personnel 
to such national service as their individual 
training and skills permit, and national 
needs require. 


It should be added that a number of 
academic institutions are also offering as- 
sistance in the solution of the manpower 
problem. 


To meet the nation’s needs 
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for a greater number of broadly traing 
engineers, several schools of engineering 
have recently entered into agreements 
with liberal arts colleges to offer student: 
a combined five-year program leading to 
both a B.A. and B.S. degree. Under the 
program, students spend three years in 
the colloge of their choice, taking a lib. 
eral arts course. Upon recommendation 
of the liberal arts school, they will then 
be accepted by the engineering schools 
for two years of specialized engineering 
training. At the completion of the 
entire program they will receive two 
degrees. 

Another partial solution that is r 
ceiving consideration is the full utilia- 
tion of the scientific resources of our al- 
lies. I believe that something of this sort 
is being done through the London Office 
of the Office of Naval Research and 
through certain State Department scier- 
tific-liaison agencies. It may soon ke 
formalized by agreements between the 
NATO countries. There is already a 
considerable exchange of scientific in- 
formation between the United States, the 
United Kingdom, and Canada and it may 
also be possible to make use of the e- 
panded research effort in certain Latin- 
American countries which is now reeeit- 
ing support under the Point IV program. 


Military Research Program 


After this statement on the overall 
budget and manpower situation, and the 
attendant problems, you are _ probably 
wondering about the organization of the 
military research and development pr 
gram. One of the questions we are often 
asked is, “Is there going to be another 
organization of the OSRD type?” I car 
not say positively that there will be ™ 
such organization, but I can tell you thal 
none is contemplated at present. The re 
search programs of the services are mort 
complete than they were at the time wher 
the OSRD was in operation; also, mor 
scientists are actively employed in th 
program and more advice is sought from 
outside scientists. Thus the combinel 
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yesearch and development program en- 
compasses the types of activities carried 
om by OSRD. The services now ad- 
minister their own research and develop- 
ment, which is carried out in government 
laboratories or by contract with indus- 
trial organizations or universities. The 
programs are guided and constantly re- 
viewed by the Research and Development 
Board. 

Before I tell you what the RDB is and 
how it functions, perhaps I should tell 
you what it is not. It is not an operat- 
ing agency; and by that I mean that it 
does not let contracts or administer re- 
search and development programs. It 
serves, rather, in an advisory capacity; 
the details of carrying the programs out 
are left to the military departments. 
This division of responsibility is carefully 
delineated in our directive, which states: 
“The Board shall not direct or control 
the. internal administration of the re- 
warch and development activities and 
programs of the several departments and 
agencies of the Department of Defense.” 
In addition to program guidance, our 
specific duties include the review of de- 
partmental budget estimates, review of 
facilities proposals, advising the Secre- 
tary of Defense on obligation of funds, 
preparation of estimates of the technical 
capability of weapons and counter- 
measures for consideration by the Joint 
Chiefs of Staff, and elimination of un- 
desirable duplication. 

Besides the seven-man Board, com- 
posed of a civilian chairman and two 
members from each of the military de- 
partments, there are a number of com- 
nittees which correlate work done in their 
wspective fields and advise the Board 
and the Departments accordingly. These 
Committees, of which there are 14 at pres- 
et, cover such subjects as atomic energy, 
chemical and biological warfare, and 
guided missiles. They are assisted by 
full-time secretariats, and by panels, 
ubpanels, and working groups. Since 
the committees and their subgroups are 
composed of experts from industry, uni- 
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versities, and the military departments 
and other government agencies, they as- 
sist also in bringing about a fruitful 
eross-exchange of information. The 
largest committees at present are Aero- 
nauties, Electronics, Guided Missiles, and 
Ordnance. 

We believe that we have contributed a 
great deal to the integration of the vari- 
ous military research and development 
programs and to the over-all program 
as well. We are faced, however, with a 
number of basic problems which make 
our task more difficult and, I fear, pre- 
vent the research and development pro- 
gram from attaining the effectiveness 
which we would like to see. 

One of the Board’s most urgent prob- 
lems is the need to find a qualitative 
measure of the research and development 
program. The popular tendency, which 
I think is a fallacious one, is to measure 
the quality of research in terms of ex- 
penditures and numbers of people em- 
ployed. This carries over into civilian 
seientifie endeavors as well. For ex- 
ample, there seems to be a feeling that 
if 100 million dollars are spent on cancer 
research, the return will be 100 times 
what would have been achieved had only 
one million been spent. Any scientist 
knows, however, that this is not neces- 
sarily true. The ratio between heavy ex- 
penditures and probable success in solv- 
ing the problem is a favorable one gen- 
erally, but it is not infallible. Such 
things as expenditures and numbers of 
personnel cannot, therefore, be accepted 
as measures of accomplishment. They 
merely indicate the use to which the 
nation’s financial and manpower re- 
sources are being put. 

At present the Research and Develop- 
ment Board has cognizance over approxi- 
mately 8500 research projects which 
range all the way from improved ship- 
ping containers to a guided missile with 
a 5000-mile range. It is, of course, nec- 
essary.to concentrate on development of 
some of these projects at the expense of 
others; so, we must continually ask our- 
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selves and others the questions: How im- 
portant is the problem? How valuable 
is the result of our effort in this direc- 
tion going to be? The answers to these 
can’t be arrived at simply; we run into 
a great deal of conflicting opinion which 
makes difficult the assessment of relative 
importance and probable return. 


Evaluation Methods 


In industry one can approach the prob- 
able return by estimating the net profits 
which might be expected to acerue from 
a product under development. In war, 
however, success is not measured by so 
simple a yardstick. It is measured, 
rather, by numbers of enemy dead or 
incapacitated, by numbers of our peo- 
ple not dead or injured, or by territorial 
gains, and our weapons are developed in 
accordance with what we think these 
would be. On the other hand, just to 
complicate matters still further, the most 
valuable weapon which could be devel- 
oped would be one which would deter 
prospective enemies from aggression, 
rather than decimate their armies or 
civilian populations. Military history 
for centuries demonstrated that for every 
offense a defense could be developed, 
but the possibilities inherent in such 
weapons as the super atomic bombs are 
so frightful that the possession of sizable 
numbers of them by any nation would 
give would-be aggressors grounds for 
serious consideration. 

To take a hypothetical example, sup- 
pose that a cosmic ray capable of de- 
stroying all life within a radius of 100 
miles could be developed. How would 
you measure the value of this in dollars 
and cents? Could you say that the re- 
search on it would be worth 100 million 
dollars—or one million? So you see that 
first of all we need a set of measurements 
for determining the value of projects. 

The first thing that needs to be done 
in evolving such a set of measurements is 
to determine the relative importance of 
the various types of operations. Are 
land operations more important than 


strategic bombing? Are amphibious op- 
erations of more value than biological 
warfare? What is the relative impor- 
tance of guided missiles and electronic 


-communications systems? In these large 


areas the answers are subject to endless 
debate. One can estimate the relative 
effectiveness of modes of warfare only 
by approaching them in terms of speeifie 
weapons systems and individual weapons. 

The second need is for a method of 
evaluating the probable success of a 
given research project. The most revolu- 
tionary idea is of no use if it can be 
proved impossible to develop and apply, 
or if its development and application 
would be too costly in terms of dollars 
and man hours. But again, the difficul- 
ties of accurate assessment intrude. It 
is obvious, however, that once we can de- 
termine the importance of a problem 
and the probability of solving it we shall 
have two important criteria for our meéas- 
urement of a research and development 
program. 

A third point which requires consid- 
eration is the efficiency with which a re- 
search program is being conducted, on 
both the administrative and working 
level. No two teams of researchers are 
equal in talent; nor do the teams have 
the same backgrounds, facilities, and sup- 
porting staffs. If we could obtain some 
workable measure of efficiency of re 
search groups we could weed out the in- 
efficient ones and foster the qualities 
which make others successful. Individual 
laboratory directors can often find a 
relative standard for judging the pro- 
ductivity of their workers, but officials 
who coordinate the work of people in 
widely separated laboratories where they 
have slight acquaintance, if any, with 
the workers have quite a difficult time. 
This difficulty is magnified when a re 
search coordinator or contract adminis- 
trator is trying to decide whether a eer- 
tain project should be put into the hands 
of a government laboratory, an industrial 
organization, or an university. 
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Administrative Problems of Government 


One of the great problems that besets 
government research administrators lies 
in the fact that, without personal stand- 
ards for measuring the difficulty of prob- 
lems or the efficiency of their research 
teams, they must make administrative 
and scientific decisions involving the ex- 
penditure of millions of dollars. Also 
the current personnel shortages some- 
times necessitate the use, as administra- 
tors, of persons with little experience in 
sch lines. Here the government de- 
viates sharply from industrial practices, 
since most industries go to great lengths 
9 procure the services of outstanding 
administrators, who are paid several 
fimes the amount their counterparts in 
government receive for administering 
many times the same volume of research. 
The net result of this is that government 
search, even when carried on by in- 
justrial installations, is often done with 
much lower returns than that conducted 
by industry directly. 

Another problem confronting those 
who guide government research is the 
question of when to consider a project 
fnished and stop work on it. A research 
director plans a program for solving a 
given problem and estimates the time 
amd money which will be required. At 
the end of that time the problem may 
wot be solved, usually because of difficul- 
ies which cannot be identified. There 
may have been unforeseen technical ob- 
tacles or the assigned staff may have 
en incompetent. At any rate, the ques- 
tion arises: What should be done? 
Should the project be continued or can- 
elled? How imminent is the solution? 
Those doing the work nearly always want 
the program continued, and this feeling 
is apt to carry over to the research di- 
tetor. The end result is that sometimes 
programs which ought to have been can- 
tlled long ago drag along, absorbing 
Money and manpower that could be used 
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to much greater advantage somewhere 
else. 

A problem equally important and 
equally difficult is the question of when 
the research phase should be terminated 
and the device put into production. 
Rarely is a research man satisfied with 
the results of his work. He can always 
see how the device can be improved, 
made more efficient and more reliable, 
and at times (one feels) more compli- 
cated. Many difficulties arise in decid- 
ing whether the original problem has been 
solved to the extent where a production 
line can be set up. The OSRD encoun- 
tered this problem in World War II and 
solved it in a reasonably satisfactory way 
by establishing the Engineering and 
Transition Office. This Office was staffed 
by people who understood military re- 
quirements and, where these existed, the 
specifications for the completed device. 
They also understood the working of 
the prototypes constructed by the re- 
searchers. Lastly they had some com- 
prehension of manufacturing processes 
and materials; so, from this collection 
of information, they were able to decide 
when the item should be put into produc- 
tion. The military services now have 
evaluation groups to which the making 
of such decisions is entrusted. 

In closing I should tell you that the 
over-all military research and develop- 
ment picture is quite a promising one; 
although, as I have indicated, there are 
some spots which need touching up. It 
was inevitable that in the sudden huge 
expansion of the program certain prob- 
lems should arise; but these problems are 
widely recognized by the military de- 
partments and other government agencies, 
and all possible steps toward their solu- 
tion are being taken. We have been suc- 
cessful in developing greatly improved 
weapons. Two additional positive re- 
sults are the new sense of awareness of 
the importance of technology to modern 
warfare and a mutual respect between 
the military and the scientists. 


Engineering Manpower for Industry 


* 


By DON G. MITCHELL 
President, Sylvania Electric Products Inc., New York, N. Y. 


It would be presumptuous of me to of- 
fer you any statistics on the engineering 
manpower situation. I am sure you 
must know by heart how many engineers 
were graduated last year and this year, 
and how many are in each of the classes 
now in college. You know how repre- 
sentatives of industry have swarmed on 
your campuses desperately trying to sign 
up some engineers at attractive starting 
rates. 

It would be my guess that this year not 
one of you has had the spectre of un- 
employed seniors to plague you. Every 
graduate either has been placed or can 
be placed, once he makes up his mind 
which bid he will accept. Aside from 
the fact that some of these young men 
will not return from their tour of duty 
with the Armed Forces, it must be a 
comfortable feeling for you to know that 
as you start on the finishing of next 
year’s model none of the last is left over 
in stock. 

It is not as comfortable for industry. 
As you well know, there are not enough 
engineers to go around. 


Defense Requires Engineers 


We are trying to maintain a civilian 
economy at the same time that national 
defense requirements are increasing and 
use of critical materials is being re- 
stricted. This is a problem that needs 
engineers and more engineers, but the 
defense services also need engineers. 

This isn’t anything new. We have had 
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national emergencies before. When 
shortages developed we either learned 
how to get along with what we had or 
we turned to some substitute souree, 
Sometimes the necessity has brought 
practices that have been beneficial long 
after the emergency has passed. Such 
a situation could develop in the employ- 
ment of engineering manpower. 

Perhaps we can draw some compari- 
sons between engineering and some of 
the skilled trades. At one time a ma- 
chinist had to spend six or seven years 
learning his trade. When he became a 
journeyman he could make up the work 
and operate any machine tool. Mass 
production industry, however, couldn't 
wait as long as that to train machine me- 
chanics. Men were trained for special 
work in a fraction of the time it took for 
the overall training. 

Welding is another skilled trade that 
takes a lot of training to learn all the 
tricks of the trade. During the last war 
women were trained for special work in 
a matter of weeks. 


Training Wasted 


It seems to me that we have been giv- 
ing thousands and thousands of young 
men a four year training in the funda- 
mentals of engineering, at considerable 
expense to them, and then putting a great 
many of them in jobs that could be done 
as well by people with a fraction of the 
training. 

For a long time, engineers were poorly 
paid by comparison with college trained 
men in other professions. Supply and 
demand had, of course, more than a little 
to do with it, but an important factor 
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was the type of work they were doing. 
Even so, I am none too sure that indus- 
try did not pay more to engineers for 
doing that kind of work than it would 
have had to pay to non-college trained 
people. 

How many engineers are hunched up 
over a drafting board on mechanical 
work? How many are compiling statis- 
tics and drawing graphs? How many 
are playing nurse to ailing machines? 
How many are making routine tests? 
How many are caught in blind alieys 
doing specialized work that requires no 
particular talent? 

In other words, do we have a shortage 
of engineers or does it just look that way 
because of the manner in which we have 
put engineers to work? 

Would we have a shortage of engineers 
if we replaced them with people trained 
to do some of these routine jobs on which 
engineers are now being used? 

Obviously, I am speaking generally be- 
eause, of course, there are many men 
who succeed in getting an engineering 
degree who will never be able to go be- 
yond routine work. People so mentally 
limited would probably enjoy life more 
if they never had gone to vollege. 

If what I am suggesting could happen, 
actually does come to pass, I believe that 
industry, engineers and education will 
all benefit. 


Reevaluation of Formal Training 


Let me ask you, who do the original 
selecting and the basic training, if it is 
fair to leave the responsibility for ulti- 
mate determination of an engineer’s em- 
ployment entirely to industry? That, I 
know, is an academic question and we 
could argue it all night long and get no- 
where. Nevertheless, I think you will 
agree that industry has a point when it 
says that every time it is saddled with a 
frustrated individual it acquires a pos- 
sible point of social infection. 

Probably the greatest gain would 
come through a reevaluation of the for- 
mal training of engineers in the light 
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of what industry really wanted. This is 
a subject which has been discussed so 
much that there should be little left to 
say. Nevertheless, I am sure that if in- 
dustry finds it can fill advantageously the 
routine jobs with people who are not 
engineering graduates, our engineering 
schools and industry will find it necessary 
to reappraise the quality of the formal 
training. 

Just why do we need engineers in in- 
dustry? One could answer by enumerat- 
ing the different kinds of jobs in which 
engineers are employed, which is what 
industry does in its recruiting college 
work. If what I have been saying, how- 
ever, has any validity this approach 
would offer us no constructive solution 
to the problem of engineering manpower 
adequacy. Instead, I am going to dis- 
cuss the larger aspect of our need. 


Sound National Defense Needed 


Of first importance today is the crea- 
tion of a sound national defense that 
will protect us and the other free na- 
tions of the world from the spread of ag- 
gression by Communist countries. With- 
out the United States the rest of the 
world is doomed. Europe is too weak 
from the last war to resist. Asia has no 
defenses worth mentioning, nor has 
South America. 

What do we have that makes us so 
sure of ourselves? It isn’t our natural 
resources of metals, fuels, forest, soil and 
water, for the opposition has these in 
abundance and, as we deplete our own 
reserves, we find ourselves more and more 
dependent on others. 

Nor is it our population of one hundred 
and fifty million people. The nations 
within the Russian orbit greatly out- 
number in population the peoples of the 
free nations. 


We Excel in Productivity 


Our physical superiority lies in our 
creative and productive abilities—broadly 
in the field of engineering. 

The United States has two things 
which have defied competition from the 
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rest of the world—two things which we 
call by different names but which are as 
inseparable as Siamese twins. I refer to 
our worker productivity and to our stand- 
ard of living. Without a high produc- 
tivity there could be no high standard 
of living and without the latter there 
would be no reason or excuse for the 
former. 

However, this can be no hare and tor- 
toise race. Once you are out in front you 
must stay in the lead. With the man- 
power and the resources that the Rus- 
sian controlled countries have, any time 
they get in front they win the race. Not 
only must we stay in front but by the 
same relative margin, in order to make 
up for any superiority in numbers and 
natural resources they have. 


Russia Respects U. S. Production 


Russia has a great respect for this 
margin. For some time she has been 
testing it anew to find out the actual 
superiority of productivity over sheer 
numbers. At one time this year the re- 
ported losses in Korea gave the ratio as 
100 to 1. Perhaps Russia will try out 
other combinations to learn whether or 
not there is a ratio that will warrant an 
all out war on her part. What that is, 
of course, I do not know but I am con- 
fident that today we have the superiority 
that will win if a showdown becomes nec- 
essary. Our problem from here on is 
to keep that winning superiority and 
enough besides to remove the threat of 
war. 

Productivity is the job of getting more 
with what you have. It means better 
methods, better machines, substitute ma- 
terials to take the place of those in short 
supply, reduction of waste and the appli- 
cation of scientific discovery. And while 
we are finding out how to make better 
use of what we have, we are making more 
of it available for the expenditure of an 
hour of labor. 

Productivity is the foundation on 
which our national defense rests. It is 
the basis for our American standard of 
living. It is the only way in which in- 
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flation can be kept in check. The engi- 
neer is the man to whom we must look 
for the techniques, the methods, the 
know-how. 

Engineering Needs Broad Thinkers 

That is a big job and it is getting 
bigger all the time. For that reason 
men are needed who have a breadth of 
concept and who can think and think 
big. 

Engineering basically is the applica- 
tion of scientific knowledge. Engineer- 
ing, however, because it lives in the realm 
of practicality, does not and cannot have 
the exactness of science. 

Engineering for industry of necessity 
is a compromise. For the most part our 
problems involve the weighing of a great 
many factors and conditions. If it were 
possible to have a single answer then our 
engineering problem would be simple 
because then we could design a computer 
to do all of our engineering work. 

Seldom is there one and only one cor- 
rect answer. As a rule there is a choice 
of directions to take and it is even possi- 
ble at times to have solutions that appear 
to be almost 180 degrees apart. Because 
this is the case industry wants men who 
are broad enough in their thinking to see 
all the possibilities and sound enough in 
their judgment to give them their proper 
weight. 

For years engineering school faeul- 
ties have asked industry what it wanted 
in the educational program. It has been 
a sincere search and just as sincerely in- 
dustry has said to train the boys in the 
fundamentals. Industry still says this, 
but I am not at all sure that industry has 
made it clear, or that our engineering 
schools have always understood what was 
meant by fundamentals. 


Balanced Curriculums Offered 
Too often, I am afraid, this has been 
taken to mean the mathematics and sci- 
entific principles of the particular brand 
of engineering. Such a narrow inter- 
pretation gives rigidity to instruction and 
restricts the student’s thinking at a time 


-when he should be expanding his outlook. 
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Of course, not all schools hold to the 
narrow interpretation. The more pro- 
gressive ones have shown an understand- 
ing of the needs of men who will go into 
industry by offering them a balanced cur- 
riculum. 

I have heard it said, as I am sure you 
you have, that there is a noticeable tend- 
ency among engineers to become intro- 
yerts. As an example of this tendency, 
it is pointed out that engineers frater- 
nize more with other engineers and are 
more shy with other members of the pub- 
lic. How much of this there is I do not 
know, but there is enough at least to have 
made it noticeable. 

It would be difficult for me to believe 
that engineering attracted introverts, but 
I can understand how men who have not 
had a broad education, and who, by the 
very nature of their work, are not forced 
to have many public contacts, can have 
somewhat restricted social interests. This 
to me does not signify any inferiority 
complex as attaching to the profession 
but rather reliance for social contacts in 
anarrow area of compatibility. 

Men in other professions such as law, 
medicine, and the ministry, are, by the 
very nature of their work, thrown con- 
stantly into close personal contact with 
lay people. Their interests have to be 
those of the people they work with and 
for. Engineers, on the other hand, are 
not so often required to sit down with 
lay people. That they fraternize more 
with birds of the same feather is under- 
standable, particularly if their education 
was restricted to a narrow interpretation 
of fundamentals. 


Stimulate Outside Interests 


Industry would be much better served 
by engineers who have the interest to 
grow outside the boundaries of their pro- 
fession. Stimulation of this interest, of 
course, can and does take place fre- 
quently after the men have left school 
and are on the job. It seems to me, 
though, that more could be gained by 
orientation in the early years of school- 
ing. The idea is not new but, I am 
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afraid, the practice is too often perfunc- 
tory, especially if the sessions are con- 
ducted by someone who knows the words 
_but not the musie. 

Those of us who have had a diversi- 
fied experience in industry can see a 
great many opportunities for engineers. 
How much better it would be if engi- 
neering students saw these in their early 
undergraduate years so they could make 
better choices in their electives. Can it 
be that the declining enrollment in engi- 
neering schools is a reflection of a grow- 
ing public feeling that engineering of- 
fers less opportunity than other occu- 
pations? 


Engineering Offers Many Opportunities 


The nice thing about engineering is 
that it does have so many opportunities, 
more opportunities as a rule than there 
are experienced men to fill them. My 
company, for instance, is a large em- 
ployer of engineers but we are constantly 
hard pressed to find enough manage- 
ment men for our expanding produc- 
tion facilities. This year we expect to 
start construction or put into operation 
new factories in nearly a dozen different 
places. Not only does our industrial re- 
lations department keep close watch on 
men of promise within the company but 
it refuses to permit men who are ready 
for larger responsibility to be held back 
by supervisors who are reluctant to give 
them up. Nevertheless, it is not easy to 
find the kind of men we want for the 
more important jobs. 

The*men we want most are those who 
have a deep respect for hard, honest work 
and an abiding faith in the justice of the 
rewards that come from such work. We 
need young men who have a mature out- 
look with respect to occupational in- 
tegrity and a realization that they are no 
longer children who have a right to be 
eared for, but are now men who must be 
worthy of their hire. We want men 
capable of growing and becoming leaders. 
We want men who ean adjust themselves 
to changing conditions without losing 
vision. We want men who are flexible 
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enough to accept new ideas, yet so rigid 
in their principles that they will not 
shirk responsibility or lose any of their 
incentive to reach their goals. 


Important Fundamentals 


Here are some fundamentals, it seems 
to me, that are just as important as the 
basic theory of electricity or an under- 
standing of differential equations. . 

As you can see, we are looking for en- 
gineers who can grow and we expect to 
get them. By no means are we as dis- 
couraged as a friend of mine who, after 
discussing industry’s needs all one after- 
noon, was asked by a college president 
what the colleges could do differently. 
His reply was, “well at least you can 
teach them to read and write.” 

Maybe that was a little harsh, but I 
ean say “Amen” to the writing part and 
add speaking, as well. It does not do a 
man much good to have ideas if he can- 
not make somebody else understand what 
is in his mind. Until thought trans- 
ference, or mental telepathy is perfected, 
I am afraid we must rely on the normal 
means of communication. 

Engineering manpower for industry, 
as I have tried to show, is not a subject 
that can be discussed entirely quanti- 
tively. There is a quality angle as well. 


Quality Deficiency 


A quantity deficiency is no more seri- 
ous than a shortage of some critical mate- 
rials. Ways will be found to use what 
we have more effectively. Supply will 
be increased wherever possible and sub- 
stitutes will be sought. A deficiency in 
supply of men qualified to grow into im- 
portant positions is a much more serious 
matter and one that should concern us 
not only for the moment, but for the 
future. Surveys have been made of the 


number of men graduating from engi- 
neering schools each year and the num- 
ber still to graduate. Do we know nearly 
as well how many engineers are needed? 

What is normal? Are our schools 
geared for that figure or are they geared 
to carry a peak load? Is it, for financial 
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reasons, a temptation to take in all the 
students that can be accommodated with- 
out thought for the employment oppor- 
tunities for graduates? 

When colleges take in too many for the 
demand, the pay drops and until fairly 
recently, engineers as a whole were not 
well paid. When the supply is more 
than adequate more men get pushed into 
blind corners where opportunity ceases 
to exist. Too many engineers make em- 
ployers careless of their use. 


Fewer Graduates 


Right now, and for several years, the 
number of men graduating from engi- 
neering schools will be considerably less 
than before. In numbers they appar- 
ently will not be enough and something 
else must be done to make up the de 
ficiency. The concern of industry will 
be whether the classes of the next few 
years will make up in quality what they 
will lack in quantity. 

With fewer students the engineering 
schools should be able to give more at- 
tention to the individual and perhaps 
more time to counsel with him, and in- 
spire him. 

It is true that with very small classes 
almost anybody who graduates can get 
a job. It is equally true, however, that 
should such conditions last more than a 
year or two, as it appears they will, the 
need for especially well-trained men will 
be greater than ever. 

Emergency caused manpower short 
ages, such as we have today, can be 
solved by emergency measures, whether 
it be mechanics or engineers. Shortages 
which spring from other causes should be 
studied to find out why they exist and 
measures taken to remove the causes. 

Only let us be sure, before we start 
building back too far, we know how many 
are needed. Let us be sure we know 
what the men are being trained for and 
that the work cannot be done as well or 
better by someone who has not had 4 
formal education. 

In other words, let us know what we 
are doing from here on in, and why. 
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The Point 4 Program: 
to Engineering * 


By DR. HENRY G. BENNETT 


Administrator, Technical Cooperation Administration, Department of State 
President, Oklahoma A. & M. College 


I am grateful for the opportunity to 
meet with the members of this society 
ieause you represent a field of endeavor 
vhich is of vital importance to progress 
in our nation and the rest of the free 
world. I am also grateful for the chance to 
visit with my friend and colleague, Presi- 
dent Hannah, who as most of you know, 
isa member of President Truman’s ad- 
tisory board on the Point 4 program. 
Tonight I want to talk with you about 
the Point 4 program, which I have the 
honor to serve. 

In seven months I have discovered 
ome remarkable things about the Point 
‘program. One is that almost every- 
dy seems to like the idea of the pro- 
gram even if he doesn’t know much about 
the details. Another is that practically 
werybody who gets to know about Point 
{wants to do something to make it a 
mecess. 

I suspect this society is interested in 
te Point 4 program and that you are 
sing to want to do something about help- 
ig it along. Otherwise you would not 
lave invited me here this evening. At 
ay rate, I am proceeding on that as- 
wmption. All you are going to hear 
fom me tonight is talk about Point 4 
iid the role that engineering and engi- 
wering education can play in spreading 
is effectiveness. 

Because of my work in the Point 4 pro- 
gam, I am particularly aware these days 
if the importance of engineering and 

*Presented at the Annual banquet of 
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A Challenge 


engineering education in promoting the 
economic welfare of people everywhere. 
I say particularly aware because under 
ordinary circumstances I may go for 
days without giving engineering a 
thought. And that is in spite of the 
fact that as an old Oklahoma dirt farmer 
I have had occasion to brush against 
several fields of engineering—soil engi- 
neering, chemical engineering, agricul- 
tural engineering, food engineering, as 
well as the civil and mechanical fields 
most people think of as engineering. 
For the fact remains that many of us 
do not stop to think about engineers or 
engineering until we see a bridge being 
built to span a great river or a super- 
highway being cut through a mountain. 

We in the Point 4 program are con- 
stantly being reminded of the vital role 
that engineering plays in modern life 
because of the sharp contrasts we see 
between life in America and life in the 
places where the Point 4 program fune- 
tions, the so-called underdeveloped areas 
of the world. 


Close to the People 


We now have more than 400 technicians 
working in some 30 countries in Latin 
America, Africa, the Middle East and 
Asia on Point 4 projects. These tech- 
nicians work with government officials 
who may be either popularly elected or 
hereditary monarchs and on a grass roots 
level with plain citizens in cities and on 
farms. The work of our technicians is 
mainly in cooperative efforts to teach 
people to raise food production, to wipe 
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out disease and to improve and expand 
their educational systems. But Point 4 
workers are engaged, also, in advising 
governments on how to modernize their 


administration and services, in advising- 


on programs of general economic devel- 
opment involving the construction of 
power plants and irrigation systems, and 
in the establishment and efficient op- 
eration of new industries and the moderni- 
zation of old ones. 

These Point 4 technicians are engaged 
in demonstrating and teaching techni- 
eal skills rather than in spending money 
for capital investment. They are not 
building public works with American 
taxpayers’ money. Rather they are ad- 
vising foreign governments on the proper 
way to build public works financed with 
local capital or loans from _ outside 
sources. 

But regardless of the particular proj- 
ect a particular technician may be en- 
gaged in, he is likely to be dealing at 
least part of the time with problems in- 
volving engineering. 

In the United States just about every- 
thing we see, touch or taste in our every- 
day life is the product of some kind of 
engineering skill. Pasteurized milk is 
an old example but concentrated milk is 
new. Rayon is relatively old but orlon 
and dacron are comparatively recent. 
Automobiles and airplanes are familiar 
means of transport but automatic trans- 
missions and jet engines are new. Radio 
and motion pictures are taken for 
granted, but color television is only be- 
ginning. All these things, however, the 
old versions and the new, are the prod- 
ucts of research on which engineering 
has been applied to bring them to mul- 
titudes of consumers at reasonable prices. 

The contrast is astounding when we 
turn to the underdeveloped areas. 


Toward Self-Sufficiency 


For example, a few years ago Panama 
wanted to increase rice production. One 
of our technicians went down there—this 
was before technical cooperation became 
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an official arm of U. S. foreign policy on 
a world-wide seale—and found that be. 
cause the Panamanian farmer used an- 
cient methods of cultivation he could 
not possibly take care of more than 2% 
acres of rice a year. Our man showed 
the farmer how to use certain kinds of 
equipment and he was soon cultivating as 
much as 50 acres single-handed. Now 
Panama is self-sufficient in rice produe- 
tion and we have a new market for 
farm equipment. 

Our people looked over the economic 
problems of Iraq. They found that the 
Tigris and Euphrates Rivers rage m- 
checked in flood season and fall to a 
comparative trickle in the dry season. 
The result is that 7,000,000 acres of land 
are useless for agriculture and that an 
area of equal size is not as productive 
as it should be. We are sending engi- 
neers to Iraq to advise on flood control 
and irrigation works construction. 

I’ve been struck by some of the things 
I’ve seen myself. In Ethiopia I found 
topsoil 12 feet deep. That country could 
produce enough food to supply all the 
people of Europe. That is if its fam- 
ing and farm processing were modernized 
and if it had roads and harbors so that 
its production could be taken to market 
—all engineering problems in greater or 
lesser degree. 

In general I can say that engineering 
and engineering education have been 
lagging in underdeveloped countries. 
We find wonderful examples of scien 
tific research which are useless because 
the engineering knowledge is lacking 9 
that they can be widely and economically 
applied. Here a plant scientist has de 
veloped an excellent new strain of wheat: 
high-yielding, disease resistant, hardy i 
dry soil. But there is no way for the 
farmer to take advantage of it. It is a 
if Fleming discovered penicillin but peo- 
ple kept dying of disease because there 
was no engineering skill to produce the 
drug in large quantity and at low cost 
so that the majority of people could 
make use of it. 


So 
skill 
sons 1 
develo 
ours, 
nutriti 
person 
malari 

The 
the su 
perity 
essenti 
progre 


Wha 
need n 
neers t 
fession 
practic 
that, v 
people 
will in 
both e1 
cause t 
larly 
I hope 
ereasin; 
cation 


life anc 
neering 
designer 
some 0! 
able to 
to be al 
enees 
effective 


toutes, 


| | 
the we 
things 
: The 
underde 
that th 
cost. 
For 
of the 
develope 
: lation ai 
5400 mi 


1 policy on 
d that be. 
used an- 

he could 
e than 2% 
an showed 
n kinds of 
tivating as 
Jed. Now 
ce produe- 
oarket for 


> economic 
id that the 
rage un- 
fall to a 
ry season. 
res of land 
id that an 
productive 
ding’ engi- 
od control 
ion. 

the things 
ia I found 
intry could 
oly all the 
its farm- 
modernized 
ors so that 
to market 
greater or 


ngineering 
have been 

countries. 
of scien 
ss because 
lacking s0 
:onomically 
ist has de- 
1 of wheat: 
, hardy in 
ay for the 
t. It is a 
in but peo- 
cause there 
roduce the 
it low cost 
ople could 


So the fact is that lack of engineering 
skill and knowledge is one of the rea- 
sons why the average income in under- 
developed areas is one-tenth or less of 
ours, why millions live between mal- 
nutrition and actual starvation, why two 
persons out of every three suffer from 
malaria or some other preventable disease. 

The fact is that engineering is one of 
the supporting pillars of our own pros- 
perity and that it is one of the absolute 
essentials for swift and sound economic 
progress in underdeveloped areas. 


Great Need for Engineers - 


What we need now and are going to 
need more each year is a corps of engi- 
neers trained in all branches of the pro- 
fession who can put their skills into 
practice in foreign lands, and more than 
that, who can teach their skills to the 
people of foreign lands. We need and 
will increasingly need people who are 
both engineers and educators. It is be- 
cause this need exists that I am particu- 
larly happy to be talking to you tonight. 
Thope you will put this problem of in- 
creasing engineering knowledge and edu- 
tation in the underdeveloped areas of 
the world on your list of important 
things to be done. 

The more we study the problems of 
wderdeveloped areas the more we realize 
that the gap between their standards of 
life and ours is mainly a gap in engi- 
neering skills. The Point 4 program is 
designed to bridge that gap by making 
sme of our knowledge and skill avail- 
ible to other people. And I am pleased 
to be able to tell you about some experi- 
ees which prove that this process is 
dfective and that it is relatively low in 
cost. 

For example, Civil Engineering: One 
of the major handicaps of the under- 
developed countries is lack of transpor- 
lation and communications. Take Africa 
#§ an example—a continent more than 
400 miles from north to south and 4500 
miles from east to west, with no through 
toutes, either railroads or highways, for 
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transporting people or merchandise. In 
fact, there are few miles of railroads or 
reliable highways on the whole continent. 
The same problem exists in many parts 
of Latin America and Asia. In some 
areas, the wheel is still unknown. Yet 
the building of roads is possibly the 
greatest single means of opening up new. 
regions to development and quickening 
the economic life of a people. 


Assist in Planning Roads 


Under Point 4, we are sending engi- 
neers of the Bureau of Public Roads to 
countries that ask for technical help in 
solving their transportation problems. 
Often, their surveying and planning 
paves the way for private American en- 
gineering firms to build roads under 
contract. We hope that the services of 
private companies will be increasingly 
in demand as our Point 4 technicians 
point up the need of building roads and 
show how it can be done. 

In Bolivia there is a great potential 
food preducing region larger than Texas 
lying east of the high Andes. Ameri- 
ean agricultural technicians are work- 
ing with the Bolivians to solve the tech- 
nical problems of growing food, raising 
cattle and eutting timber under humid, 
tropical conditions. But probably the 
real key to the situation is transportation 
to get the food from the fertile lowlands 
to the food-deficient high plains of the 
Andes, where the majority of the Bolivian 
population is concentrated. A highway 
is now being built by American contrac- 
tors to connect with a railroad leading 
to the capital. The Bolivian government 
is paying for this, partly with its own 
funds and partly with a loan from the 
Export-Import Bank. 

Aeronautical Engineering: Many of 
these countries, although still needing 
railroads and highways for bulk trans- 
portation, have leaped into the air age 
while still depending mainly on the ox 
cart. In some countries, the airplane is 


the only means of cross-country travel. 
They need new, improved airports and 
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all the services that go with air transpor- 
tation. Aeronautical engineering itself, 
with its constant improvement of plane 
design and performance, will continue 
to contribute to the economic develop- 
ment of these countries. 

Nautical Engineering: Some under- 
developed areas possess extensive water 
highways—great river systems like the 
Amazon, which could accommodate far 
more shipping than is now using these 
waters. This situation, it seems to me, 
is a challenge to nautical engineering. 
There must be ways, yet undiscovered 
for designing craft for more economical 
and efficient operation in areas where 
waterways are the main arteries of travel 
and trade. 


Harbors and Docks 


Harbor development and dock facili- 
ties are also among the urgent needs of 
many countries that want to expand 
their foreign trade. When I was in 
Ecuador recently, the Government there 
requested the assistance of American en- 
‘gineers in developing plans for opening 
up the port of Guayaquil to ocean ship- 
ing, so that large ships could take on and 
discharge cargo there, instead of having 
to stop some distance down the river 
and use lighters, as at present. We 
promptly sent an experienced American 
engineer to look into the possibilities of 
that project. 

Our records are filled with examples 
of amazing results achieved by Ameri- 
can sanitary engineers working abroad. 
The water supply and sewage systems 
they have planned and supervised in 
communities in Brazil, Mexico, Chile and 
other countries have brought a dramatic 
drop in typhoid and dysentery. The 
draining of swamps, coupled with the 
application of insecticides and other 
measures, has brought an equally dra- 
matic reduction in the incidence of ma- 
laria, the scourge of the tropics. 

Geological and Mining Engineering: 
We all know that one of man’s great 
sources of real wealth is the minerals 
brought out of the ground. Yet probably 
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half the world has never had a thorough 
geological survey with modern methods, 
Most people consider Africa a poor con- 
tinent, without stopping to think of the 


- gold, diamonds and other treasures taken 


from African mines. 


More Precious than Gold 


Yet today precious metals and gems 
are not the most valuable materials we 
get from the earth. In the aggregate, the 
oil and coal extracted every year are 
worth far more than the gold and dia- 
monds. One of the greatest needs of 
many countries is to find and use sources 
of economical fuel. The: baser metals, 
including iron ore, are essential to eeo- 
nomic development. Nor are metals and 
fuels all we need. I was .told recently 
in Bolivia, where fortunes in gold, silver, 
tin and other minerals have been mined, 
that the government would like to have 
a geological survey in the hope of finding, 
among other things, phosphate and lime 
that would help the country produce 
enough food. 

Under Point 4, we have geologists in 
twelve countries of Latin America, Africa 
and Asia helping to make inventories of 
mineral wealth and ground water sup- 
plies. In some instances, our mining 
engineers are helping work out more eco- 
nomical and efficient extraction methods. 
American geologists working with Bra- 
zilian geologists have scientifically con- 
firmed the existence of rich magnanese 
deposits, with the result that American 
steel companies are going into partner- 
ship with Brazilian capital to develop 
these deposits. I am convinced that un- 
known treasures remain to be discov- 
ered and mined in Africa, Latin Amer- 
ica and other parts of the world, and that 
our geological and mining engineers cal 
help the people of those countries find 
and develop vast new sources of wealth. 

Electrical Engineering: Many coun- 
tries without coal or oil have another 
great source of energy—water powel. 
Civilization really begins with the har- 
nessing of heat energy for the work of 
man. Human slavery has been elim 
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nated largely because man has found 
other and far more efficient sources of 
mergy—mechanical power that has en- 
abled our own people in this country to 
miltiply their own physical strength 
many times over. Our coal, oil and 
yaterpower have made possible our 
amazing industrial development, and the 
gme is true of Britain, Germany and 
other industrialized nations. And rural 
dectrification has done more to increase 
wr agricultural production than many 
of us realize. 

The same thing can be done in the less 
ieveloped countries. We know that 
Africa, for example, has some of the 
greatest unused water-power in the world 
-in the Nile, the Zambesi and other 
tvers. The same is true of many coun- 
ties in Latin America. In the develop- 
mnt and utilization of hydroelectric 
power, America can furnish much of the 
agineering knowledge to provide other 
euntries with the mechanical energy 
that is essential for their progress. 
| Agricultural Engineering: Here is one 
of the most varied and most promising 

felds of all. Most of the underdeveloped 

ountries are in the tropics, where the 
/min falls in torrents in some seasons 
‘ad there is drought in other seasons. 
| The hot sun rapidly leaches the nutrients 
ot of the soil. When we clear and cul- 
, livate the land under these conditions, we 
) lave to protect it with dams, catchments, 
tracing, cover crops and other methods 
that are well-known. These measures 
ite necessary to keep the top soil from 
wshing away and the plant food from 


king lost. 
Water is Pressing Need 


The major limiting factor on food pro- 
iuction and economic development in 
smeral in the semi-arid areas of North 
Africa and the Near East is lack of 
vater. The people of that area need to 
tore up the water in the rainy season 
md use it for irrigation in the dry sea- 
mn. The Romans largely solved that 
ptoblem 2000 years ago. All through 
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North Africa and the Middle East, we 
find the remnants of the dams, reser- 
voirs and canals which in Roman times 
enabled that area to support much larger 
populations that can exist there today. 
We recently made a contract with the 
American engineering firm of Knappen, 
Tibbetts and Abbott to go into Jordan 
and show the people how to restore and 
expand these old Roman works so that 
they will have enough water. The same 
thing can be done in other countries of 
that area. It is not a costly process, be- 
cause most of the work can be done by 
the people themselves, with local ma- 
terials. 

I want to explain that Point 4 is not 
in the business of building or financing 
large-scale projects in other countries. 
We help with the planning and technical 
direction, but the cost of construction 
must be borne by the other country with 
its own money, with help from private 
investors or with loans from interna- 
tional lending agencies. Many of these 
projects can be financed on a self- 
liquidating basis. At any rate, the cost 
need not fall on the American taxpayer. 

For the last eight or nine years, Ameri- 
can agricultural technicians, including 
engineers, have been cooperating with 
Peru in a joint service under the able 
leadership of Jack Neale of the Institute 
of Inter-American Affairs. I want to 
tell you about just one of the things that 
have been done. 

Along the coast of Peru, as you know, 
is a strip ef desert, caused by unusual 
climatic conditions. There is no vegeta- 
tion except where the few rivers run 
from the mountains into the sea, and 
sometimes even these dry up. One such 
river is the Piura, in northern Peru. In 
normal years the farmers in the Piura 
valley grow the only crop of long-staple 
Pima cotton in Peru. It sells at a pre- 
mium and ordinarily brings in about 
$8,000,000 a year. But for the last 
three years the river has practically dried 
up. The loss in the cotton crop is con- 
servatively estimated at $15,000,000. 


= 
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Find Way to Join Rivers 


Nearby is another river that does not 
dry up. Agricultural engineers of the 
joint service made studies that showed 


that the waters of the constantly-flowing ~ 


river could be diverted to the Piura. 
This would not only assure a cotton 
crop every year, but also add another 
50,000 acres to the 75,000 now under cul- 
tivation. As a result of those studies, 
the Peruvian government is now con- 
sidering contracting with an American 
engineering firm to construct a short 
tunnel to save the cotton farmers. 

Even more important than bringing 
new land under cultivation, however, is 
the multitude of little things which, re- 
peated by large numbers of farmers, are 
increasing production on the land al- 
ready in use. These are simple things. 
In some cases, it means designing a suit- 
able steel plow to replace or supplement 
an inefficient wooden plow. It means in- 
troducing a little better cultivating or 
threshing implement. We need engi- 
neers with the vision and the ability to 
work out and adapt these simple im- 
provements that the people themselves 
can apply with their own resources. 

Food Engineering: In most under- 
developed areas, harvest time is feast 
time; the rest of the year is hungry time. 
The people have no way of conserving 
food in order to tide them over to the 
next harvest. In the United States, we 
probably lose ten per cent of our agri- 
cultural products through spoilage, in- 
sect infestation and waste. In some 
countries, the loss must be 25 per cent 
or more. In Africa I have seen millions 
of cattle, and not a packing plant. 

In parts of Costa Rica the farmers can 
produce two crops of corn a year, but 
the rainfall is so heavy that the grain 
sprouts on the stalk, and much of what 
is harvested is ruined by mold and in- 
sects. Point 4 technicians there showed 
the farmers how to build a simple corn 
drier, which resulted almost immediately 
in better prices for corn and an increase 
in production. An expert in milling was 


brought from Kansas for a few months, 
and as a result of his technical advice, an 
agency of the Costa Rican government 
has built modern grain elevators, a quick- 
freeze plant and cold storage facilities 
with its own funds. In Peru, a fisheries 
expert from our Department of Interior 
is helping the fishermen increase their 
eatch. Another American agricultural 
engineer has helped construct a cold stor- 
age plant in Lima that will assure the 
people a constant supply of fish at rea- 
sonable cost. 

Chemical Engineering: Closely related 
to food engineering is chemical engi- 
neering, with the contributions it has 
made to the food industry. Chemical 
engineers can make many valuable con- 
tributions to the progress of other peo- 
ples. The insecticides, weed-killers and 
the like already in use in our own coun- 
try, if applied and adapted for use in 
other areas, can increase the produe- 
tion and utilization of food. I under- 
stand that there is a shortage of wood 
pulp and other material for cellulose 
products in the industrial nations. Yet 
in the tropical regions are wide stretches 
of forests waiting to supply the demand. 


Purifying Sea Water 


One of the most intriguing possibili- 
ties of all is that chemists will devise an 
economical efficient way to purify sea 
water by removing the salts, and make 
that limitless source of water available 
for irrigating desert places like the 
Sahara and the west coast of South 
America. Two things are needed to make 
this dream a reality: first, practical 
processes for purifying the water i 
large volume and, second, cheap power, 
possibly from atomie energy or solar 
energy. We must look to engineering 
for both answers. 

Industrial Engineering: An increase in 
agricultural production naturally leads to 
industrial development. But it is a step 
by step process—little industries that 
eventually lead to big industries. As 
the people learn to produce more food 
and as surplus food production frees 
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Strategic Need for Technicians 


The point I would like to emphasize 
again to this audience is that we must 
do more than merely send our technicians 
into foreign countries to supervise engi- 
neering projects. In the first place we 
do not have enough technical men to do 
the economic development job that needs 
to be done as fast as it needs to be done. 
In the second place we are interested in 
having foreign peoples learn to do their 
own engineering. It will not be enough 
merely to provide the technical advice to 
set up one irrigation system; we want 
people to be able to build their own. 
So we must do all we can to expand the 
corps of trained engineers in under- 
developed areas. 

Further we must be imaginative about 
spreading engineering knowledge and en- 
gineering education. We need an imagi- 
native, pioneering approach. The stress 
that a steel girder of given size will 
stand is standard but American engi- 
neering problems often are not identical 
with engineering problems in Africa, 
Asia and Latin America. So we must 
cooperate with foreign peoples in devel- 
oping African, Asian and Latin Ameri- 
can engineering, using our basic knowl- 
edge as the foundation and our imagi- 
nations to solve particular kinds of 
problems the quickest, cheapest and yet 
most effective way. 

I think this society is especially 
equipped by experience and purpose to 
help in this process of spreading engi- 
neering knowledge and encouraging engi- 
neering training. I hope you will work 
with us to that end. I have no point-by- 
point program to propose to you. I am 
merely outlining a problem whose nature 
will undoubtedly suggest solutions to you 
if you can spare the time to think seri- 
ously about it. 

I hope you will be as enthusiastic 
about solving this problem as I am be- 
cause I thing the challenge of Point 4 
to American engineering is one of the 
most exciting things that has ever hap- 
pended to a romantic, though largely 
unsung, profession. 


Judging the Effectiveness of Teaching Aids* 


By CARL W. MUHLENBRUCH 


Associate Professor of Civil Engineering, Northwestern Technological Institute, Chairman, 
ASEE Committee on Teaching Aids 


After the symposium on teaching aids 
at the annual meeting of ASEE at Rens- 
selaer in 1949, the author overheard an 
individual remark, “I still think the best 
teaching aid is a piece of chalk.” This 
individual was engaged in conversation 
and shown some of the teaching devices 
on display, with special reference to the 
unusual opportunities which they pre- 
sented to the instructor and the student. 
The skeptic was apparently convinced. It 
was with a great deal of pleasure. that he 
informed me at Seattle last year that he 
had carefully considered the matter and 
had decided to revise his teaching pro- 
cedure considerably. This chap is now 
using colored chalk! 

Here is one extreme in a field in which 
‘the middle ground is vast indeed. By 
contrast, there is one school which is 
considering having several question-ask- 
ing machines located in the corridors. 
Each of these machines will have ap- 
proximately 600 questions contained in 
its “brain.” These will cover a great 
range of the core subjects in engineering. 
The student will place an: identification 
eard in the machine and attempt to an- 
swer the questions as they are presented 
to him by the mechanical gadget. At the 
end of a specified number of questions 
the machine will shut itself off, grade the 
student, record the date, the number of 
the machine, the sequence of question 
numbers, and the percentile score. 


* Presented before the Division of Engi- 
neering Drawing at the Annual Meeting of 
the ASEE, East Lansing, Michigan, June 
25, 1951. 
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job of the teacher is to provide, by meals 
of his presentation, a high order of i 
terest quotient which will get the studeml 
to learn. The term “teacher” is thi 
somewhat of a misnomer since the si 
dent must actually teach himself if hei 
to learn in the full sense of the wor 
The best way an engineering instruct 
ean motivate his students to learn is 
presenting the material in a way that 
arouse the students’ curiosity so that Me Eyer, 
will learn and thus gain understanding{w-o4, 
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Types of Teaching Aids 


The entire field of teaching aids was 
summarized at the 1948 annual meeting 
of ASEE by Professor W. J. King in a 
paper titled “Industry-College Coopera- 
tion in Developing Teaching Aids.” + In 
this paper Professor King listed fourteen 
lifferent teaching aids under the general 
dassifications of full-scale models, small- 
‘vale models, cut-away samples, small 
parts and mechanisms, laboratory appa- 
ratus, industrial displays, pictorial dis- 
plays, catalogs, lantern slides, and talks 
by outstanding leaders of industry. 
Breakdowns of each of Professor King’s 
dassifieations can be made and others 
an be added. This paper refers to all 
types of teaching aids except lectures by 
practicing engineers. 
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sented in the film and should be made to 
solve these problems within a few minutes 
after the film is shown. An excellent idea 
in films for engineering teaching would 
be to have the film itself wind up with a 
question mark by posing a problem which 
the student would then solve. A most un- 
fortunate cireumstance is the use of a de- 
vice which can be carried to the class- 
room, demonstrated by the instructor to 
the amusement and possible edification 
of the student and then put back in its 
case and, with a smug smile, carried out 
of the classroom. Such a device could of 
course do a job of motivation, but the 
real true follow-through in the learning 
process will come by having the student 
solve problems for complete understand- 
ing. Therefore, a teaching aid that ean 
be used by the student to pose and solve 
a problem is, in the author’s opinion, the 
ideal one. 

On the credit side of the ledger, teach- 
ing aids are very helpful in undoing in- 
correct ideas that have become firmly 
rooted in the mind of the student. They 
ean be used to build carefully on a few 
fundamentals by a process which can al- 
ways be repeated (as in the sereening of 
a film, for example) and can be improved 
from time to time. Many teachers are 
aware that the illustrations in textbooks 
are often actually misleading to students. 
The average engineering student will 
look at such an illustration and see the 
complete finished product but is unable 
to strip it down to its fundamentals or 
to read the text and follow the manner 
in which the chart was developed. Of 
course the teacher in working at the 
board presents the material in the cor- 
rect way since he starts with a blank 
board and through oral and visual pres- 
entation develops the entire diagram. 
This is the way in which it can be done 
in the film, very often in a time saving 
way. It is up to the teacher to decide 
just when the saving of time should stop 
and therefore just which diagrams should 
be presented slowly and apparently la- 
boriously, but still effectually, at the 
board and‘ which should be presented in 
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animated form in movies or perhaps by 
slides. It is reasonable to assume that a 
few diagrams presented slowly and care- 
fully in motion picture form would make 
for much faster and more complete un- 
derstanding of subsequent diagrams pre- 
sented in their entirety. 

It goes without saying that a gadgeteer 
will let his gadgets run away with him. 
The good engineering teacher will select 
teaching aids so that they do things for 
him that he cannot do for himself or do 
them in a much better way, thus justifying 
their use. Teaching aids are not like frost- 
ing on a cake to make the course sweet to 
the student. They may be interesting in 
themselves but they will not be effective 
teaching aids unless they satisfy the 
basic requirements of encouraging and 
aiding the student to carry out the learn- 
ing process himself. 


A Yardstick for Evaluating a Teaching 
‘Aid 

What can the engineering teacher do 
to decide if a certain teaching aid can be 
used by him for a particular presenta- 
tion in a certain subject? Questions that 
come to mind are: whether or not the de- 
vice is adapted to his particular way of 
teaching, including his philosophical ap- 
proach to the subject; whether it will do 
the job which he hopes it will do; and a 
host of other complications. Actually 
the answer is very simple. The teacher 
merely needs to ask himself whether it 
wil help him do a better job of motivat- 
ing the student to learn. To be more spe- 
cifie, the teacher needs to know whether 
it will do a better job of (a) presenting 
ordinary information, (b) presenting in- 
formation that cannot be presented in 
any other way, or (c) in motivating the 
student in developing a sense of profes- 
sional consciousness (or interest in the 
humanistic-social stem courses). 

The engineering teacher finds it neces- 
sary to present two kinds of information, 
descriptive and technical. Teaching aids 
often offer an advantage in presenting 
descriptive material by enabling the 
teacher to present the information more 
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rapidly and more thoroughly. It ; 
doubtful if many instructors are deserj}. 
ing the steel making process with a won 
picture today. It is so much easier hf. 
use a set of slides or a motion picture » 
better yet actually to visit a steel mill 
The time consumed in the visual presep. 
tation is so much less and so much mop 
efficient and thorough that the word pit 
ture cannot compare with it. Very ofte 
technical information can be explainej 
in a much better fashion by the used 
animation, as, for example, to éxplain 
the meaning of a certain formula. Ani 
mation may be done by means of modek 
which can be carried to the classroom @ 
it may be done with a motion pictured 
the model in operation. An advantag 
of the motion picture is the knowledge 
beforehand that it will always do exaelly 
the thing that the instructor wants it tp 
The disadvantage is that the instructors 
unable to allow the student to pose prob 
lems other than those which have bem 
solved by the model or explained y 
means of the model in the motion pit 
ture. It might be impossible in a clas 
room presentation to explain what wouli 
happen in a centrifugal pump if th 
speed of the pump was increased orif 
the length of the impellar vanes was it 
creased. However, this can be done seht 
matically using data which can be galh 
ered and shown very quickly in a film 
There will be other cases where the fils 
will not do a complete and proper jobd a viewpo 
presenting the material, and if it sets mf books, 

too simple and pat a case, may actualy Tp rey 
be misleading. Again, each instruclit§ of this p 
must evaluate every teaching aid to lmnger w 
sure that the device will not be a term it to son 
nal point in itself. It must lead to some seeing it. 
thing. In order to place emphasis up0# ing aid » 
the learning process, the device must pet the actus 
mit operation by the student or must higher y. 
some way stimulate him to further stud 
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sanding that cannot be presented in 
other ways. The high speed motion pic- 
ture, referred to as the “time micro- 
seope,” is well known in the dynamics 
feld. Here the student is able to see cer- 
tain dynamic effects as they influence the 
operation of high speed machinery, and 
he is able to visualize machine design 
problems in a way that could not be done 
otherwise. Other examples would be the 
action inside a furnace, where high tem- 
perature would prevent ordinary obser- 
vation, or perhaps the action in proxim- 
ity to an explosion or a test to failure. 
A further possibility is that by means of 
the teaching aid the student is given a 
pseudo-experience which could not be ob- 
tained by reading text material. This of 
curse is desirable in many subjects. 

An important function which the engi- 
neering instructor must often perform is 
to motivate the student to an interest in 
professional matters or perhaps in the 
humantistic-social aspects of the engi- 
neering profession. This can often be 
done with motion pictures or slides, as, 
for example, in showing a long range city 
planning program where slums are 
dared and replaced with more desirable 
low cost housing. It ean be shown 
quickly how transportation can be im- 
proved, and the general welfare of the 
community benefited, if the engineer 
plans wisely with an overall humanistic- 
weial and economic consciousness. Such 
aviewpoint is difficult to present in text- 
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To repeat once more the second point 
of this paper, the student will remember 
longer what he sees if he is able to put 
tt to some quantitative use shortly after 
weing it. Avoiding the use of the teach- 
ing aid as a terminal point and stressing 
the actual learning process makes for a 
higher retentivity. 
The Cost of Producing Teaching Aids 

Many college teachers wishing to make 
their own motion pictures have been dis- 
‘ouraged by the $25,000 to $50,000 cost 


of a 20 minute industrially sponsored 
film. It is doubtful if any school could 
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afford such an amount. Actually, how- 
ever, it is possible to produce creditable 
and very effective silent films in color of 
20 minute showing for $300 in student 
labor and supplies. The author has proe- 
duced such a film with about 22 minutes 
showing time on the subject of “FA- 
TIGUE—The Failure of Materials Due 
to Repeated Loading” for an actual cost 
of $276. This did not include a charge 
for personally owned photographic 
equipment or for space or other over- 
head charges. A sound track could be 
added to the film by a professional nar- 
rator and one print provided for ap- 
proximately $300. This cost can be re- 
duced by recording the narration and 
musical background on tape and supply- 
ing this to the commercial firm making 
the sound on film print. With equip- 
ment and space at hand it is therefore 
possible to produce a sound film in color 
for 20 minutes showing at a cost of ap- 
proximately $500 to $750. 

The author introduces animation into 
a motion picture by means of simple 
cardboard cutouts that are schematic rep- 
resentations of mechanisms and other de- 
vices. The device shown in Fig. 1 is used 
to show ballast “pounding” under a rail- 
road rail and the resultant bending of 
the rail. The rail is fastened to long 
wooden handles: at each end. These are 
pivoted to allow the rail to be bent. Bal- 
last, in the form of one-half inch top size 
crushed limestone, is placed around the 
ties. The wheel is painted on the back 
with rubber cement so that it will “roll” 
along the rail when pulled over the neu- 
tral background by a handle attached to 
the wheel on its bottom side. The camera 
sees only the rail, ties, ballast and about 
40 per cent of the lower part of the 
wheel. 

The development of a transverse fissure 
in the head of a rail can also be explained 
very effectively with animation. A card- 
board cross-section of a rail is painted 
black and is shown to have a small inher- 
ent defect represented by a white dot. 
This defect is made to inerease in size 
through the use of many single frame 
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Fig. 1. Cardboard cutouts for motion picture anima- Fig. 2. High speed stamping 
tion used to represent bending of a railroad rail under mechanism model for  motio 
a rolling load. Wood handles fastened to the card- picture. Forming head, eo- 
board at A and B are pivoted to permit application of necting rod and flywheel are 
bending moment. Wheel is 15 in. in diameter. moved slightly between single 

frame exposures. 


Fig. 3. Individual frames from sound-slide film ‘‘Lines of Force.’’ 
Characters are colored red for tension and blue for compression. 
Film develops a concept of lines of force in trusses. Reference to 
‘sky hooks’’ and other ridiculous situations is an attempt to pro- 
mote interest. A 
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exposures, the dot being enlarged slightly 
ach time. The full size fissure is finally 
empared with an actual one closely re- 
gmbling it in size and shape. 

A model of a high speed stamping 
mechanism is shown in Fig. 2. Anima- 
tion with this device is accomplished with 
single frame exposures, moving the parts 
dightly between each exposure. 

All of the author’s animation models 
ae made of heavy poster board (card- 
board). They are painted with show 
ard colors in pastel shades. These 
jaints are completely flat so that there 
me no annoying highlights to cause 
photographie difficulties. 

The cost of making slides is so small 
the author does not consider it worth dis- 
assing: here. A good quality 35 mm. 
amera with a copying attachment should 
be available for staff use in every depart- 
ment. Slides in black-and-white or color 
an be made with such an outfit for a 
very low unit cost. Some figures used 
in producing a sound-slide film “Lines of 
Foree” are shown in Fig. 3. 

Production of models to illustrate 
fundamental scientific and engineering 
principles need not be tedious or expen- 
ive. Elaborate devices are seldom as ef- 
fective teaching aids as simpler versions. 
The reader is referred to the following 
uticles on this subject which appeared 
inthe JournaL of ASEE: 


“Demonstration Models—Their Use 
and Construction,” Hartenberg, R.S., 
April, 1950, Vol. 40, No. 8, pp. 430- 
434, 

“Exhibit of Teaching Aids at the Se- 
attle Meeting,” Lutz, §8.G., March, 
1951, Vol. 41, No. 7, pp. 406-408. 

“A New Aid in Teaching Kinematics,” 
laJoy, M.H., and Larsen, O.M., May, 
1951, Vol. 41, No.9, pp. 542, 543. 
‘Visual Aids in Education,” Shilts, 
W. L., December, 1950, Vol. 41, No. 4, 
pp. 235, 236. 


Dificulties in Using Teaching Aids in the 
Classroom 


Most engineering teachers have at one 
lime or another had the usual bout with 
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inverted slide images, improperly dark- 
ened and inadequately ventilated rooms, 
balky projectors, and a host. of other 
evils. Most of these can be overcome by 
assigning a custodian to the operation 
and maintenance of visual equipment. 
A few classrooms ean be set aside for 
projection and designed to prevent light- 
ing and ventilation difficulties. A most 
unusual classroom for this purpose was 
designed for New York University by Dr. 
S. G. Lutz and was described briefly in a 
spring, 1950, issue of Life magazine. 
One feature of this room is the use of a 
hand operated supersonic whistle to ae- 
tuate the slide projector by remote con- 
trol, thus freeing the instructor to - use 
a pointer or to supplement the slide with 
the blackboard. 

Models should be stored in a conveni- 
ent place where all instructors can get 
to them. They should be adequately 
maintained. In some cases it may be 
feasible to assign all classes in a subject 
to one classroom where models, charts, 
diagrams, and other teaching aids can be 
conveniently stored for ready use by the 
instructor. 


The Work of the ASEE Committee on 
Teaching Aids 


Several years ago the Division of Edu- 
cational Methods appointed a sub-com- 
mittee to study the problem of teaching 
aids in the engineering colleges and uni- 
versities. Much of the committee’s pres- 
ent activities are concerned with publish- 
ing a catalog of teaching aids for use by 
any one desiring information regarding 
the devices which are available. This 
catalog will be sold at nominal cost and 
will contain information as to where the 
teaching aid may be obtained, its dimen- 
sions and other physical characteristics, 
any charge involved for its use, and other 
detail information. The listing will also 


include a brief description of the device 
and a review of it prepared by a com- 
mittee of three qualified educators in the 
field covered by the teaching aid. The 
reviewers’ ‘comments will indicate, for ex- 
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ample, the amount of the material that is 
considered to be advertising (in case the 
teaching aid was produced by commer- 
cial interests), the year level at which 
the material could be used, the general 
quality of the narrative explanation used 
in presenting the material, amount of 
theory or application, and other pertinent 
information. The object of the listing of 
the teaching aid in the catalog would be 
to enable the potential user to determine 
the worth of the material and of course 
to permit him to accept this information 
in good faith with the assurance that it 
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was prepared by competent individual, 
The completion of this catalog will do 
much to enable engineering teachers to 
determine the worth of teaching aids in 
their course presentation. 

In order to carry out this reviewing 
plan the committee is currently raising 
a fund of $7000 which will be used to 
pay the major part of the expenses of 


preparing and publishing the catalog. 


As this is being written, three-fourths of 
this amount has been received and it is 
expected that the remainder can he 
raised without difficulty. 


College Notes 


F. W. Tatum, Professor of Electrical 
Engineering, Southern Methodist Uni- 
versity. has been named Chairman of 
the Department of Electrical Engineer- 
ing at S.M.U. Professor Tatum received 
his technical education at Columbia Uni- 
versity, with degrees of B.S. in E.E. and 
M.S. in E.E. From 1935 to 1947 he was 
associated with the American District 
Telegraph Company and held the posi- 
tion of Engineering Supervisor at the 
time of his resignation to join the faculty 
at S. M. U. 


Cornelius Wandmacher, present direc- 
tor of the evening session and associate 
professor of civil engineering at the Poly- 


technic Institute of Brooklyn, will be 
come the William Thoms professor of 
civil engineering and head of that de 
partment in the University of Cinci- 
nati College of Engineering. 


William A. Edson has been named 
director of the school of electrical engi- 
neering at the Georgia Institute of Tech- 
nology, it was announced by J. W. 
Mason, dean of engineering, Dr. Edson, 
who until his recent promotion served a 
professor of electrical engineering i 
the school, will replace Dean D. P. Savant 
who retired as director in July of this 
year after almost 30 years of loyal 
service. 
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Report of the Committee on Atomic 
Energy Education 


Summary of Activities—May 23, 1951 


By HENRY ARMSBY 


Chairman, ASEE Committee on Atomic Energy 


The Committee has held two meetings: 
on June 2 and 3, 1950, and on May 8, 
1951. Regional sub-committees have been 
formed under the chairmanship of five 
committee members associated with five 
major operating centers of the Atomic 
Energy Commission throughout the U. S. 

The Northeastern Regional Sub-com- 
mittee sponsored an inspection tour for 
ASKEE members at the Brookhaven Na- 
tional Laboratory on April 7, 1951. The 
ASEE Midatlantic Section meeting at 
Rutgers on May 12, 1951 was devoted 
to nuclear engineering education. The 
Allegheny Section at Carnegie Institute 
of Technology on April 21, 1951 con- 
ducted a panel discussion on the subject 
on nuclear engineering education. 

The Southeastern Regional Sub-com- 
mittee arranged for five papers on atomic 
mergy to be given at the Fontana Con- 
ference on August 28, 29, and 30, 1950 
ad four atomic energy papers at the 
Biloxi Meeting of the Southeast Section 
of ASEE on March 22, 23, and 24, 1951. 
The Sub-committee is sponsoring a sym- 
psium at the Oak Ridge Institute for 
Nuclear Studies from August 27 to Sep- 
tember 6, 1951 under the title of “The 
Role of the Engineer in Nuclear Devel- 
opment.” 

The Northwestern Regional Sub-com- 
mittee sponsored an ASEE Conference 
tt Hanford on February 8 and 9, 1951. 
Sub-committee members were given a 
thorough description of Hanford facili- 
ties and a tour of the plant. The South- 
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western Regional Sub-committee was 
formed as the result of the ASEE Con- 
ference held at Berkeley on December 
15-16, 1950, the program of which was 
devoted to nuclear energy education. 
Arrangements were made to hold a meet- 
ing to organize the Middlewestern Re- 
gional Sub-committee at the national 
convention of ASEE on June 27, 1951. 

Certain points of agreement among 
engineering educators have become evi- 
dent as the result of these regional meet- 
ings. In considering nuclear engineer- 
ing education all of the groups have 
stressed: the need for developing com- 
petence in basic science, the need for 
training in human engineering, the need 
for developing the ability to reach sound 
economic judgments, the continuing need 
for fundamental training in recognized 
major fields of engineering, the desir- 
ability of reserving specialized training 
in nuclear engineering for graduate 
study, and the importance of continued 
university-sponsored technical training 
for engineers working on the national 
atomic energy program, all within the 
framework appropriate to the individual 
engineering school concerned. 

At regional conferences AEC repre- 
sentatives have discussed the availability 
of source materials for nuclear engineer- 
ing education. On the basis of such dis- 
cussions the Committee has made two 
recommendations to the AEC. 


a. That the AEC prepare a bibliog- 
raphy of .basic materials which would be 
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of particular interest to engineering edu- 
eators, for publication, as a joint enter- 
prise of the -ASKEE—AKC—Office of 
Edueation. The AEC has agreed to pre- 
pare such a bibliography. 


b. That AEC sponsor the preparation 


and publication of a Sourcebook on 
Atomic Energy Engineering, along the 
lines of Dr. Samuel Glasstone’s Source- 
book on Atomic Energy. 


The Committee feels that there is much 
more work to be done and is soliciting 
comments and reports of activities in this 
field from members of regional sub. 
committees and all others interested ip 
nuclear engineering education. The Com. 
mittee’ chairman will prepare this mate. 
rial in suitable form for cireularization 
to engineering educators. The Commit. 
tee plans to meet again in May 1952. 


College Notes 


William G. Van Note, 45, of Raleigh, 
N. C., will be the ninth president of 
Clarkson College of Technology. The 
announcement was made today by Ralph 
S. Damon, president of the Clarkson 
board of trustees and of Trans-World 
Airlines, Ine. Van ‘Note is director of 
the Department of Engineering Research 
and professor of metallurgy at North 
Carolina State College, Raleigh. As 
president of Clarkson he will succeed 
Jess H. Davis who will become president 
of Stevens Institute of Technology. 


The appointment of G. R. Fitterer as 
dean of the Schools of Engineering and 
Mines at the University of Pittsburgh 


was announced by Dr. R. H. Fitzgerald, 
chancellor. Fitterer has been _profes- 
sor and head of the department of metal- 
lurgical engineering since 1939. He 


-graduated from the Rose Polytechnic In- 


stitute in 1924 and during the remainder 
of that year worked as metallurgist for 
the American Chain Co. in Terre Haute, 
Ind. During the next two years he was 
employed as metallurgist for the Stanley 
Works in New Britain, Conn. 


Richard F. Shaffer, Associate Professor 
of Chemical Engineering at Pratt Insti- 
tute, has been appointed Head of the De- 
partment of Chemical Engineering, Dean 
Nelson S. Hibshman announced: today. 
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Lamme Award 


The Committee on Lamma Award is al- 
ways anxious to get nominations for the 
Award from the membership of the So- 
ciety. Any member may place a name 
in nomination; the selection will be made 
by the Committee by letter ballot. 

About Mareh the first each year, the 
Chairman of the Committee requests 
nominations from the Committee, and the 
result is a list of about twenty-five names. 
By March fifteenth the balloting begins 
in order that the selection may be made 
well in advance of the annual convention. 

Until February 1, 1952, the Chairman 
will receive formal nominations from 
members of the Society. This closing 
date is fixed in order that names, and ac- 
companying biographies, may be placed 
in the hands of the Committee members 
by Mareh first. It is very desirable that 
nominations be accompanied by a brief 
statement made according to the outline 
suggested below. 

A number of years ago the Committee 
set up the following rules for making 
the Award: 


1. Achievements which can be taken as 
proof of excellence in teaching or as hav- 
ing contributed to the art of technical 
training will be given major considera- 
tion. 

2. Only those achievements will be con- 
sidered which seem to have the possibility 
of lasting influence or which have suf- 
ficiently stood the test of time. 

3. Books, articles, contributions to 
method and research, which have a bene- 
ficial effect upon the teaching of engi- 
neering, will be given considerable weight 
in making the decision. 

4. Participation in the work of Engi- 
neering and Educational Societies is not 
necessary for eligibility. Such partici- 
pation, however, will be given due con- 
sideration if it has led to definite and 
Teeognized results in bettering technical 
education. 


155 


5. Achievements outside of the field of 
teaching, such as employment in indus- 
try, consulting work, inventions, ete., 
will be considered as of secondary im- 
portance in making the Award. 

6. Administrators in engineering schools 
are eligible. Only that work of Adminis- 
trators, however, will be considered 
which has led to definite and recognized 
improvements in method of teaching or 
in the art of technical training. 

7. Emeritus Professors are eligible. 

8. Nominations should emphasize the 
contributions of the candidate to these 
major objectives. Concise statements of 
achievements are much more valuable 
to the Committee than a series of recom- 
mendations from former students and 
present acquaintances. Listings in “Who’s 
Who in Engineering,” and such publi- 
cations, give some information regard- 
ing achievements but material of this 
type will not give the Committee the 
needed information to make a_ valid 
judgment. 

In preparing a biography of a nominee 
the following outline should be helpful: 

1. Preparation for teaching work— 
school, year graduated, degree, post- 
graduate work, honorary degrees. 

2. Accomplishments as a teacher. 

3. Advancement of the art of technical 
training—books, articles, contributions 
to method, research, ete. 

4. Administrative work in engineering 
schools. 

5. Membership and participation in 
Engineering and Educational Societies. 

6. Engineering practice—employment 
in industry, consulting work, inventions, 
ete. 

7. Other achievements. * 


Nominations should be sent to the 
Chairman of the Committee, Nathan W. 
Dougherty, University of Tennessee, 
Knoxville 16, Tennessee by February 1, 
1952. 
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The George Westinghouse Award 


The George Westinghouse Award is an 
annual award established in 1946 by the 
Westinghouse Educational Foundation to 
recognize and encourage outstanding 
achievement in the teaching of students 
of engineering. The award consists of 
$1000, together with an engraved certifi- 
cate. The recipient is selected by a ten- 
man committee, nine of whom are ap- 
pointed by the President of the Society. 
There is also a representative from the 
Foundation. The Award for 1952 will 
be presented at the banquet of the an- 
nual convention at Dartmouth College, 
Hanover, N. H., June 23-27, 1952. 

The recipient of the Award must have 
made a significant contribution to the 
teaching of engineering students and 
shall have distinguished himself in sev- 
eral of the following ways: 


1. Record as a teacher. (Evidence of 
superior teaching and guidance of 
students as demonstrated by records 
of former students, indications of 
unusual subject matter competence, 
ete.) 

2. Improvements of the tools of teach- 
ing. (Textbooks and student notes, 
descriptions of special courses or 
curricula, diagrams and models, new 
laboratory and teaching equipment, 
ete.) 

3. Other activities contributing to the 
improvement of teaching. (Mate- 
rial relating to the development of 
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teachers in the nominee’s depart- 
ment or teachers in general, the de. 


velopment of testing and guidanee - 


program for students, the promotion 
of cooperation with other types of 
educational units or with industry, 
coordination of fields of subject 
matter, ete.) 

4. Evidence of high intellectual capac. 
ity. (Brilliance of mind as mani- 
fested by contributions to literature, 
degrees and honors received, ete.) 


The Award has been established to en- 
courage younger men who have shown by 
their past record evidence of continuing 
activity as superior teachers. To them 
the Award may serve not only as a re 
ward but as an incentive toward further 
achievement. 

In order to achieve this intent, it is 
deemed essential to limit the Award to 
those who have not reached the age of 
45 by the date of the annual presentation. 

Nominations may be made by any per- 
son, organization, or group and are to be 
submitted before February 1, 1952, to the 
Chairman of the Committee on Award, 
Dean R. E. Vivian, University of South- 
ern California, Los Angeles 7, California. 
Nominations must be made on forms 
available from either the chairman of the 
Committee or from the Secretary of the 
Society. Nominations should be accom- 
panied by significant evidence supporting 
statements and claims. 
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A Theory of Work Habits of Industriousness* 


By WILLIAM C. KRATHWOHL 


Director of Tests 
Institute for Psychological Services, Illinois Institute of Technology 


The work habits which are to be dis- 
cussed are confined to those of indus- 
triousness and indolence.** The theory 
concerning these work habits is that by 
means of aptitude and achievement tests 
in some area a number can be assigned to 
an individual, called his index of indus- 
triousness, which will measure his in- 
dustriousness in that area. 

It should be noted that habits of in- 
dustriousness are relative instead of ab- 
solute and hence with any definition of 
these traits there must be associated a 
group with which the individual is com- 
pared.. Thus a person who would be con- 
sidered an industrious individual in some 
activity in the tropics might be con- 
sidered indolent if he were compared 
with people in the temperate zones. 

In order to test this theory of work 
habits, it was tried out with a group of 
1255 engineering freshmen at the Illinois 
Institute of Technology in the field of 
mathematics. To find out what was ex- 
pected of them, they all took the Iowa 
Mathematics Aptitude Test, Form M 
when they entered the Institute. To find 
out what they had accomplished they all 


*Presented before a joint conference of 
the Divisions of Mathematics and Educa- 
tional Methods at the Annual Meeting of 
the American Society for Engineering Edu- 
og at East Lansing, Michigan, June 

51, 

** For conciseness and also to avoid awk- 
ward construction, the word indolence as 
employed in this investigation is used not 
ma derogatory sense, but rather as a sub- 
stitute for under-achievement. In the same 


way, the word industriousness is used as a 
substitute for over-achievement. 
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took, during the same week, a locally pre- 
pared achievement test called the Mathe- 
matics Preparation Test, on the algebra 
which they had studied in high school. It 
was assumed that the difference between 
the scores which they received on these 
two tests measured their industriousness 
for mathematics. 

In order to make the scores compara- 
ble, a linear transformation was used on 
each set of scores so as to make each 
mean equal to 20 and each standard de- 
viation equal to 4. Such scores have 
come to be known as derived scores. They 
can easily be transformed into standard 
seores having a mean of 50 and a stand- 
ard deviation of 10 by multiplying the 
derived scores by 21%. 


Definitions 


It was expected that students who 
made, for example, a score of 22 on the 
Mathematics Aptitude Test would make 
approximately a score of 22 on the 
mathematics achievement test, but in gen- 
eral students did not make the same score 
on both tests. The difference of a stu- 
dent’s derived score on the mathematics 
achievement test minus his derived score 
on the mathematics aptitude test was de- 
fined to be his index of industriousness 
for mathematics. 

Other definitions which we need are 
those for industrious, normal and in- 
dolent individuals. An industrious per- 
son is defined to be one who accomplishes 
more than is expected of him because of 
the extra effort expended. whereas an 
indolent person is defined to be one who 
accomplishes less. This leaves a third 
category, that of the normal individual, 
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who does about what is expected of him. 

The next question was how to define 
industrious, normal, and indolent stu- 
dents in terms of these indexes. The rule 


which was used was the one commonly . 


employed in some fields of statistics, that 
the middle half of a group should be con- 
sidered average or normal whereas the 
highest and lowest quarters should be 
considered above average and below aver- 
age, respectively. Such a_ separation 
meant that students in the upper quarter 
of the indexes of industriousness for some 
subject were considered industrious in 
that subject with their indexes of indus- 
triousness ranging from plus 3 and up. 
The middle half, which had indexes from 
— 2 to plus 2, were considered the normal 
group. The lowest quarter having in- 
dexes of — 3 and less were defined to be 
indolent in mathematics. 

The question now becomes, do indexes 
of industriousness really measure work 
habits? If they do, they should satisfy 
the properties usually associated with 
work habits. 


Postulates of Industriousness 


One of these properties’ is that for 
the same degree of brightness in mathe- 
matics, a group of industrious students 
in mathematics should receive on the 
average higher grades in some mathe- 
matical subject such as college algebra 
than the normal group, and the normal 
group should receive higher grades on the 


average than the indolent group. This: 


property was found to be generally true 
is an investigation by Krathwohl (3) 
who found that the average grades in 
college algebra for each level of bright- 
ness for the industrious groups were al- 
ways higher than were those for the nor- 
mal groups. Furthermore, these dif- 
ferences were significant at the 1% level 
or better for all degrees of brightness 
with the exception of the group which 
had the highest average mathematics 
aptitude score and the two groups who 
had the lowest mathematics aptitude 
seores. These three groups were handi- 


capped by the grading system because on 
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an ABCDE grading system, a_ bright 
student cannot make a grade higher than 
A no matter how industrious he is and 
a student with low ability in mathematics 
cannot make a grade less than E. In 
spite of such a handicap, the difference 
for the brightest industrious group and 
the ‘brightest normal group was signifi- 
cant at the 9% level and the differences 


for the two groups with the lowest ability - 


were significant at better than the 5% 
level. 

When the normal ahd indolent groups 
were compared, the normal groups still 
received, on the average, higher grades 
than the indolent group but the differ. 
ences were not significant at as high a 
level. Evidently some members of the 
indolent group reformed, but not very 
many. The consistent differences be. 
tween industrious, normal, and indolent 
groups when compared at the same level 
of mathematical aptitude indicated that 
these indexes of industriousness un- 
doubtedly were a function of work habits. 


Persistence 


A second property of work habits is 
their persistency. It has often been said 
by instructors that students who are in- 
dustrious at the beginning of their col- 
lege course usually remain industrious, 
whereas indolent students rarely reform. 
This persistence of work habits was 
verified with the experimental group 4s 
shown above, because the indexes of in- 
dustriousness were computed at the be 
ginning of the freshmen year, whereas 
the college algebra grades were received 
from five months to ten months later. 


Effect on Achievement 


A third property which is expected of 
work habits is that, for a given degree 
of brightness, the harder a student works, 
the greater should be his achievement. 
Indexes of industriousness for mathe- 
maties have this property as was found 
in another investigation (4). To show 
that increased industriousness was at 
companied by higher grades, correla- 
tion coefficients were computed between 
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TABLE 1 


CORRELATION COEFFICIENTS BETWEEN GRADES IN COLLEGE ALGEBRA AND INDEXES 
oF INDUSTRIOUSNESS FOR MATHEMATICS 


N Mathematics Confidence N Mathematics} Confidence 
Aptitude Level Aptitude Level 

84 27 0.49 1% 125 21 0.42 1% 

76 26 0.45 1% 128 20 0.35 1% 
121 25 0.51 1% 85 19. 0.30 1% 
157 24 0.48 1% 65 18 0.27 3% 
186 23 0.49 1% 65 17 0.33 1% 
163 22 0.42 1% 


college algebra grades and indexes of 
industriousness for mathematics for each 
level of brightness in mathematics. These 
correlations are shown in Table 1. 

In this table the column headed N 
gives the number of students in the 
group. The column headed Mathematics 
Aptitude gives the derived score on the 
Mathematics Aptitude Test, which meas- 
ures the brightness of the group in mathe- 


matics. 


The column headed r gives the 


correlation coefficient between grades in 
college algebra and indexes of indus- 
triousness for mathematics. 
headed Confidence Level gives the level 
of confidence of the correlation coeffi- 
cent.° Thus a confidence level of 1% 
means that the correlation coefficient 
being considered could have happened by 
change less than once in a hundred times. 

It is seen from Table 1, that all of 
these coefficients are positive which means 
that the higher the index of industrious- 
ness for a given level of mathematical 
brightness the higher, in general, is the 
grade received in college algebra. Fur- 
thermore, with one exception, these re- 
sults are significant at better than the 
1% level, which means that these coeffi- 
cients could have occurred by chance less 


than once in a hundred times. 


The column 


The one 


exeeption for a derived score of 18 could 
have occurred by chance 3 out of a hun- 
Evidently indexes of indus- 
triousness for mathematies, as here de- 
fined, do satisfy the property that for a 
given degree of brightness the achieve- 
ment of a student in college algebra in- 


dred times. 


creases with his industriousness. If it 
did not, all of these correlation coeffi- 
cients would have been zero or negative. 

It is seen from Table 1 that the corre- 
lation coefficients for the less bright stu- 
dents are lower than those for the brighter 
students, which is a fact that has fre- 
quently been found in these investiga- 
tions. It seems that students with low 
ability are a much more unpredictable 
group than bright students, and they 
seem to be much more variable on the 
whole in their work habits than are 
bright students. Some are highly moti- 
vated to do as good work as they can. 
Others just do not care as long as they 
get through. Furthermore, these low 
ability students are handicapped in that 
there apparently is a ceiling for low 
ability students beyond which they are 
unable to rise no matter how hard they 
work. 


English Compared with Mathematics 


For a further test of the validity of 
indexes of industriousness, as here de- 
fined, to measure work habits, another 
subject, English, was chosen hecause it is 
quite different from mathematics. The 
experimental group consisted of 308 
sophomores at the Illinois Institute of 
Technology who took a vocabulary test 
as an English aptitude test and the Co- 
operative Mechanics of Expression Test 
as an English achievement test when they 
entered the Institute as freshmen. From 
these two tests their index of industrious- 
ness for, English was computed. At the 


i | ing. 
i 
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end of their sophomore year these same 
students took the sophomore English Ex- 
pression Test, which is published by the 
Cooperative Test Service. The results 
obtained by Krathwohl (5) with the sub- 
ject of English paralleled closely the re- 
sults with mathematics. The groups who 
were rated as industrious at the begin- 
ning of their freshmen year received 
higher average grades in English Expres- 
sion one year and eight months later 
than did the normal groups, and this was 
uniformly true whether they were above 
average, average or below average on 
their vocabulary scores. On the other 
hand, the groups who were rated as in- 
dolent at the beginning of their fresh- 
men year still were doing poorer work 
than the normal groups one year and 
eight months later. 

There was, however, this variation: 
that whereas the difference for English 
achievement between the normal and the 
indolent groups for the students who 
were above average in vocabulary was 
significant at the one per cent level of 
significance, the difference between the 
normal and indolent groups for the stu- 
dents who were average in English vo- 
eabulary was significant at only the five 
per cent level. Evidently some reforma- 
tion had taken place, but not much. Fur- 
thermore, no comparison could be made 
in English achievement between the nor- 
mal and indolent groups for students 
who were below average in English vo- 
cabulary because there was only one stu- 
dent left in the below average indolent 
group and he was dropped in June. 


Ability to Stay in College 


This surprising result, that only one 
student was found in the below average 
indolent group in English at the end of 
the sophomore year, was very interesting 
because it is at variance with the opinions 
of some engineering instructors who claim 
that is does not matter what a student 
does in English as long as he is doing 
satisfactory work in mathematics, phys- 
ies, chemistry and engineering subjects. 

Similar to the results obtained in Eng- 
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lish for the ability to survive, were the 
findings obtained for mathematics. At 
the end of the freshmen year there were 
no low ability indolent students in mathe- 


.maties left in the class, although the 


theoretical number remaining in this cate- 
gory out of 1255 students should have 
been 78. In other words, about two 
years in English or one year in mathe- 


matics is the limit of time that low ability . 


indolent students can remain in an engi- 
neering school. 

The property that the harder a student 
works in English the higher will be his 
grade, also turned out to be true. For 
each level of brightness in English, as 
measured by vocabulary, the correlation 
coefficients were positive. Every corre- 
lation coefficient was significant with the 
exception of the group with the lowest 
scores on the vocabulary test. Both this 
group, who were the least bright in Eng- 
lish, as well as the groups previously 
mentioned, who were least bright im 
mathematics, turned out to be somewhat 
unpredictable. One possible reason for 
the uncertainty connected with them is 
that some of the low ability normal stu- 
dents have changed their’ work habits. 
Note that there were practically no low 


ability indolent students in English. A 


more plausible reason is that similar to 
the results in mathematics, the low ability 
group in English are handicapped by a 
ceiling which sets a limit to their success 
no matter how industrious they may be. 


Average Indexes 


An interesting result was found with 
both the mathematics and English groups 
when the averages of indexes of indus- 
triousness were computed for each level 
of brightness. It was found that the 
average index for the brightest students 
was always negative and the average 
index for the students with lowest ability 
was always positive. At first glance it 
would seem that bright students, as 4 
whole, tend to be indolent. Such a con- 
clusion, however, is not warranted. The 
reason for this divergence in the aver- 
ages of indexes of industriousness be- 
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tween low ability and high ability stu- 
dents is that indexes of industriousness 
are relative and therefore students of low 
ability apparently have to work so hard 
in order to survive that the bright stu- 
dents are made to appear indolent by 
comparison. 

Because the investigations for two 
such different subjects as mathematics 
and English gave evidence to justify 
the hypothesis that indexes of indus- 
triousness were measuring work habits, 
astudy was made for English (6) of the 
relative contributions of vocabulary and 
an index of industriousness for English 
to achievement in English. It was found 
that if the group were taken as a whole, 
the indexes of industriousness contributed 
very little to achievement in English. If, 
, however, the original group was divided 
into subgroups, quite a different picture 
appeared, and the effect of indexes of 
industriousness varied greatly for the dif- 
ferent subgroups. For instance, when 
the original group was divided into three 
subgroups on the basis of being above 
‘average, average, or below average in 
vocabulary, then the index of industrious- 
ness or, in other words, work habits, con- 
tributed more to achievement than vo- 
tabulary, and better predictions for 
achievement could be made from the in- 
dexes of industriousness for English than 
from the vocabulary scores. If, however, 
the original group was divided into three 
subgroups of industrious, normal and in- 
dolent students, then vocabulary made 
the greater contribution by far and the 
predictions for achievement from the 
vocabulary scores for each of the three 
groups were higher than for any other 
arangement. In other words, to get the 
highest possible prediction for English 
achievement, the best method is to divide 
the group into an industrious, a normal, 
ud an indolent group and then predict 
English achievement separately for each 
group from the vocabulary scores. In- 
tidentally, of the three groups, the best 
Prediction for achievement in English 
was made by the industrious group. 
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Similarity to Social Habits. - 

This finding that the predictions of 
achievement in English could be pre- 
dicted much more accurately for the in- 
dustrious group than for any other group 
is remarkably similar to the results ob- 
tained by Hartshorne and May (2) in 
their studies of social habits such as 
honesty, truthfulness, and morality. They 
found that if a man possessed the more 
desirable qualities, in general, he was apt 
to be more consistent. If, on the other 
hand, he possessed the more undesirable 
qualities, in general, he was apt to be 
more inconsistent. The man who is gen- 
erally honest is also consistently honest, 
which means that he is dependably honest, 
whereas the man who is generally dis- 
honest is apt to be inconsistent—he may 
be honest in one situation and dishonest 
in another. 

A similar investigation was made for 
mathematics (7) to find the relative con-' 
tribution of mathematics aptitude, and an 
index of industriousness for mathe- 
matics, to achievement in mathematics. 
The results for mathematics paralleled 
very closely those for English. The only 
exception was that correlation coefficients 
for mathematics were lower than were 
those for English, due to using instruc- 
tors’ grades instead of an objective ex- 
amination. Otherwise, the general con- 
clusions were the same. 


Independence of Work Habits 


. These investigations naturally brought 
up the question whether work habits were 
specific or general. That is to say, 
whether it would follow that a student 
who was industrious in mathematics 
would also be industrious in other sub- 
jects. The same group of 308 sopho- 
mores was used by Krathwohl (8) to in- 
vestigate the independence of the indexes 
of industriousness for English, chemistry, 
mathematics and physics. Out of the 6 
pairs that it was possible to form from 
these four subjects, it was found by 
means of the chi square test that 5 of 
the pairs. were independent of each other. 


‘ a: 
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The sixth pair, chemistry and mathe- 
maties, were found to be dependent on 
each other. However, when correlation 
coefficients were computed for each pair, 
the correlation coefficient between the in- 
dexes of industriousness for mathematics 
and chemistry was found to be only 0.35, 
yet statistically significant. Such a low 
but significant value of the correlation 
coefficient means that a relation does exist 
but it is a small one. All of the remain- 
ing five correlation coefficients were, as 
expected, much lower and none of them 
were statistically significant. The con- 
clusion to be drawn from this investiga- 
tion is that a student can at one and the 
same time be industrious in mathematics, 
normal in English and indolent in physies. 

Again these results follow very closely 
those obtained by Hartshorne and May 
(2) in their studies of social habits such 
as honesty, truthfulness, and morality. 
They found that these social habits were 
specific instead of general. That is to 
say, we cannot speak of an honest man, 
but rather of an honest act. For in- 
stance, a man may be honest in his in- 
come tax returns, but dishonest when he 
fails to return to the lost and found bu- 
reau an article which he has found. In 
like manner, we cannot speak of an in- 
dustrious individual, but rather we must 
say that an individual is industrious in 
some one -area of activity, whereas he 
may be indolent or normal in another. 

The slight dependence between work 
habits of mathematics and of chemistry 
demands further investigation, possibly 
a repetition of the experiment on another 
group of engineering students. 

Before drawing conclusions which are 
too general it should be remembered that 
all of the students in these studies were 
engineering students, who are known to 
have quite different characteristics from 
other pre-professional students, as shown 
by Fairbairn (1). For instance, she 


found by means of a questionnaire that 
36 per cent of the pre-law, 29 per cent 
of the pre-medical, but only 7 per cent of 
the pre-engineering students indicated 
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that as children they had liked to dregs 
up for parties, whereas 13 per cent of the 
pre-law, 16 per cent of the pre-medieal 
and 72 per cent of the pre-engineering 


_ students replied that they liked to talk 


with their inferiors. Hence, further in- 
vestigations on the properties of these 
indexes should be made on other types of 
students, particularly those from liberal 
arts colleges. 


The theory of work habits as outlined | 


in this article has certain weaknesses 
and certain advantages. The principal 
weakness in the theory is that with the 
usual commercial tests the spread of 
scores of the achievement and aptitude 
tests, which are used to measure the in- 
dexes of industriousness, are approxi- 
mately equal. Hence, the brightest stu- 
dents in a group cannot get-a_ higher 
index of industriousness than zero, and 
the least able students cannot get one less 
than zero. The simplest method to over- 


come this weakness of the equality of the. 


spread of scores is to make the difficulty 
of the initial achievement test sufficiently 
great so that the spread of scores of the 
initial achievement test will be greater 
than that of the aptitude test. There are 
other methods which can be used to meas- 
ure indexes of industriousness for stu- 
dents in the extremes of the frequency 
distribution for aptitudes, but they are 
more complicated. 


Ease of Securing Information 


The great advantage of the present 
theory is the ease with which a counselor 
ean secure information concerning the 
work habits of a student from his test 
scores. Making two assumptions, (1) 
that the theory for indexes of indus- 
triousness holds for other subjects in ad- 
dition to those already investigated, and 
(2) that the scores which a counselor 
uses are local ones with equal means and 
standard deviations; then all he has to do 
is to pick out an achievement test and an 
aptitude test and, by simply finding the 
difference between the two scores, he cat 
ascertain if a student is industrious, 
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normal or indolent in a particular sub- 
ject, and the degree to which a student 
esses these traits. 
The following conclusions can be drawn 
from these investigations : 


1. By means of aptitude and achieve- 
ment tests in some field, it is possi- 
able to assign a number to an in- 
dividual which will measure his in- 
dustriousness or indolence in that 
field. 

It is possible to show statistically 

that work habits do affect achieve- 

ment. Such a statement means that, 
in general, other things such as level 
of brightness being equal, the harder 

a student works, the higher his 

grade will be. 

. There is a tendency for industrious 
and indolent work habits to persist 
certainly over as long a period as 
two years. Such information should 
be particularly valuable to coun- 
selors. 

. Work habits tend to affect the ability 
of a student to remain in college. 
For instance, no matter how bright 
or industrious a student in the ex- 
perimental group might have been 
in his engineering subjects, if he 
had a small vocabulary and was in- 
dolent in English, he was unable to 
survive through his sophomore year. 
Similarly, no low ability indolent 
student in mathematics was able to 
survive through the freshman year. 

. Work habits of industriousness act 
very similarly to the social habits of 
honesty, truthfulness and morality, 
which were investigated by Hart- 
shorne and May, in that they are 
specific instead of general, so that 
a person who is indolent in one field 
may not necessarily be indolent in 
another. In particular, a person 


w 


or 


may be industrious in mathematics 


2. 


3. 
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normal in English and indolent in 
physies. 


6. Work habits of industriousness also 


act very similarly to social habits, 
in that the possession of desirable 
qualities is accompanied by in- 
creased consistency and predictabil- 
ity, whereas the possession of unde- 
sirable traits is accompanied by in- 
consistency and reduced predict- 
ability. 
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Graduate Work in Machine Design 


By R. R. SLAYMAKER 
Professor of Machine Design, Case Institute of Technology 
and D. K. WRIGHT, JR. 


Associate Professor of Machine Design, Case Institute of Technology 


Before attempting to write specifica- 
tions for a graduate program in Machine 
Design, let us first review the objectives 
of the usual undergraduate course. Un- 
dergraduate Machine Design is the one 
subject which makes use of all previous 
courses. It is, perhaps, the first oppor- 
tunity the student has to see his educa- 
tional puzzle begin to fit together. In 
Machine Design he can see the why of 
descriptive geometry at the same time 
that he sees the effectiveness of calculus, 
and he begins to realize that a knowledge 
of statics and dynamics is a “must.” He 
finds that strength of materials and met- 
allurgy go hand in hand and that fluid 
mechanics has more use than the mere 
satisfying of college degree requirements. 
In Machine Design the student learns 
that a firm theoretical core is necessary 
but that he must surround that core with 
a ring of practicality and that his work 
will be for naught if his design cannot 
be built or will not operate. He learns 
that there are times when rough approxi- 
mations are more desirable than rigorous 
analytic solutions and that there are 
others in which a compromise may be 
costly and even disastrous. He discov- 
ers that in Machine Design there is no 
“vight answer,” for no machine exists 
that cannot be improved; but he finds 
that there are certain limits between 


* Presented before the Mechanical Engi- 
neering Division at the 59th Annual Meet- 
ing of the ASEE, East Lansing, Michigan, 
June 29, 1951. 
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which he must operate and that mor 
often than not, cost will dictate where he 
must stand between these limits. 
Subject-wise, the student meets nothing 
new in Machine Design. He simply ap- 
plies what he has already learned. 
Briefly speaking, undergraduate Machine 
Design gives the student an opportunity 
to view his mechanical engineering as a 
whole instead of in parts. To be still 
more brief, in Machine Design the stu 


dent begins to be an engineer. —e 


Who Should Take Graduate Work (ent subj 
Having begun to be an engineer, the | Qne yes 
student should next have an opportunity duding st 
to be one. No young man who hopes 0 } (ne-hal 


be in the design business should take 
graduate courses about design without 
first having been im design. With some 
experience behind him, the young de 
signer is in a better position to kn0W frents, 
what kind of advanced study he wants} yathem 
or whether or not he needs more academti¢ J jgng 
work at all. Not all design is analysis} Qn, yea 
and not all designers can be improved by itry, and 
a college. An SR4 strain gage is no sub- 
stitute for ingenuity, and the practical }imduates 
know-how of a die designer cannot be en- J ilose havi 
hanced by elliptic integrals. We will fabjects w 
probably all agree that ingenuity, while} before 
it ean be developed, can never be taught finding. 
and that “know-how” cannot be Col fie when 
pressed into a three-hour course. 
Graduate work in Design has then, by 
common consent, become analysis. This 
means that only analysts or men who 
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gaduate schools. Rarely does one find 
;man who enjoys analyzing a machine’s 
characteristics who is also willing or able 
i spend much time inventing something 
i) analyze. How many ways to make a 
“yidget,” pick it up, turn it over, fold it 
wr package it—do not, it seems, go along 
with a desire to work with pounds per 
quare inch horsepower, feet per second 


Reynold’s numbers. 
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We conclude therefore that graduate 
ork in Design is for men with some ex- 
prience + not boys with “graduate- 

litis,’ and that the men are inter- 
sted in and will be associated with anal- 
sis. Knowing the type of individuals 
vith which we have to deal, the next step 
s to examine their educational back- 
wounds and provide a program which 
vill fill their needs. 


What Background Is Essential 


The mechanical engineering graduate 


arolling in a Machine Design Master’s 

program may be expected to have the fol- 

bwing undergraduate training in perti- 
t subjects : 


Qne year of engineering mechanics, in- 
uding statics and dynamics. 

One-half year of strength of materials, 
mduding laboratory. 

One-half year of kinematics of ma- 
thines. 

One year of design of machine ele- 
nents, 

Mathematics through differential equa- 

One year of thermodynamics, of chem- 
wry, and of electricity. 


(rduates in other engineering fields or 
tose having deficiencies in any of these 
abjects would be required to make them 
) before being admitted to graduate 
tmding. This list is not unduly restric- 
ive when compared with current me- 


tDuring the 1950-51 year the Machine 


This {Design Division at Case served 46 graduate 


fidents representing 30 Cleveland indus- 
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chanical engineering curricula. It is 
rather a minimum requirement which at- 
tempts to balance reluctance to start at 
too low a level against the desire to in- 
clude, for example, an electrical engi- 
neering graduate whose objectives have 
been modified by his work. Most me- 
chanical engineers who have studied ma- 
chine design would have more than met 
the specification. 


Scope of Program and Course Content 


The requirements for the Master of 
Science degree ordinarily include ap- 
proximately 30 credit hours of study be- 
yond the Bachelor’s level including a six 
to ten eredit hour thesis. 

In Machine Design the Master’s pro- 
gram should offer the student, recogniz- 
ing tha he is primarily a coordinator 
and user of technical information rather 
than a discoverer, an opportunity to con- 
solidate and extend his knowledge, rather 
than an intensive study of a specialized 
area. 

In view of this objective, the value of 
a research thesis which uses a large por- 
tion of the student’s program should be 
carefully weighed. For the student with 
minimum preparation, additional courses 
would probably be more valuable. 

The core of the mechanical design- 
er’s problems—determinations of force, 
stress, deflection, wear, motion, vibration 
—lies in the realm of Mechanics. The 
course work should, therefore, give the 
student further study in Strength of Ma- 
terials and Elasticity, in Kinematics and 
Dynamies including vibration problems, 
and in Experimental Stress Analysis. It 
should also leave him some time for di- 
versification—indeed this should be re- 
quired—and perhaps some to pursue a 
particular interest. Courses in materials 


properties and fabrication—metallurgy 
and chemistry should be useful, as well as 
electricity, heat-power, industrial engi- 
neering, and servo-mechanisms. 

A typical program for a candidate 
having minimum preparation follows: 


d 
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1. Vibration Problems:t A three or 
four hour course in vibrations in linear 
mechanical systems using a text such as 
Den Hartog, Timoshenko, Thomson, or 
Freberg and Kemler. 

2. Advanced Strength of Materials: t 
A three hour continuation of the ele- 
mentary course taking up the various 
methods of computing beam deflections, 
strain energy methods, elastic stability 
and column action and three dimensional 
stresses and strains at a point. 

3. Kinematics and Dynamics of Ma- 
chines: A four hour eritical survey of 
basic kinematics and dynamics, prefer- 
ably using the methods of vector analysis 
and graphical procedures, and their ap- 
plications to machine analysis. Topics 
include static and dynamic force anal- 
yses, inertia in rotating systems including 
gyroscopic effects, critical speeds, and 
cam dynamics. 

4. Problems in Machine Design: A 
four hour course illustrating analytical 
technique in a variety of design situa- 
tions. The problems are selected to fill 
gaps left by the other courses and gen- 
erally stem from the instructor’s experi- 
ence. Subject matter includes hydro- 
static and hydrodynamic lubrication with 
special emphasis on internal combustion 
engine bearing design; determination of 
reciprocating engine rod and main bear- 
ing loads; involute trigonometry as ap- 
plied to gear design and the practice of 
pyramiding, and to involute splines and 
measurements for inspection; a thorough 
study of the ASME Shaft Code for the 
purpose of reviewing strength of ma- 
terials with an application to the design 
of a toggle type impact extrusion press; 
stress and deformation studies of parts 
made at room temperature but used at 
both high and low extremes; fluid coup- 
lings and torque converters with empha- 
sis on the matching of a converter to an 
engine—ete. 

5. Applied Elasticity: A three hour 
course using the second volume of Timo- 


{Open to undergraduates majoring in 
Machine Design. 


GRADUATE WORK IN MACHINE DESIGN 


shenko’s “Strength of Materials” ag 4}. 

text and including the subjects of bean 

on elastic foundations, bending of thiy 

plates, curved beams, torsion, and conta work r 
stresses. 

6. Experimental Stress Analysis: 
four hour course in the most 
experimental methods, including two anf. hour 
three dimensional photoelasticity, britted jdvance 
models and lacquers, mechanical and ele-Aioy pur, 
trical strain gages, and membrane amlforces wi 
ogy method. The importance to machine... put 
designers of the use of electrical method student 
for force and vibration measurements ith.ion js 
to be emphasized. 

7. The remainder of the student's pout 
gram is composed of either thesis 9 Mis a 
course work and is arranged in consule§ 
tion with his advisor to serve best thesa me 
dent’s objective. This might ineude 
minimum of eight credit hours for th ie 
student with minimum preparation to a 
maximum of about fifteen hours by on. 
who had majored in machine design a 
an undergraduate, and who might hare 
taken as senior electives either Vibration 
Problems or Advanced Strength of Ma 
terials, or both. 


It is evident that the minimum prep 
ration student, to obtain the desired di 
versification, should schedule course workh,, 
rather than thesis. These courses couli 
be chosen from a list similar to the fo 
lowing : 


mld inel 
us and 
lasticity 
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Advanced Heat Power Analysis, 

Electronics, 

Machine Analysis, 

Mechanical Analysis of High Temp 
ture Machinery, 

Metals and Alloys, 

Methods Engineering, 

Physical Metallurgy, 

Plasties, 

Servomechanisms or Automatic 
trols, 

Statistical Quality Control. 


The better prepared student might} 
permitted to elect a thesis as part of 
program. A flexible policy with reg 
to length of the thesis project is 


"Tf the: 
ted time 
rof cre 
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id ineluc 
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bound an 


: Master's 
manies 1S 
er, Whi 
cours 
15 


rials” as ibected. Problems might be rated at from 
ts Of beambiree to nine hours credit based on the 
Ing Of thifyglty advisor’s estimate of the amount 
and contu(|? work required.** Thus, one student’s 
rogram might call for a nine hour thesis, 
inalysis: And another’s (a student who would 
st importatifynefit more from course work) for a 
ing two anliiree hour thesis and two courses. 
icity, britte§ Advanced mathematics as such has 
cal and éltien purposely omitted. Mathematics 
abrane andl mses will certainly do the student no 
> to machitehm but it is our feeling that the type 
ical methobir student who is interested in Machine 


surements 8B.ion is more receptive to applied 
hematiecs. 


He learns something tang- 
e about differential equations, about 
trices and elliptic functions from his 
muses in vibrations, elasticity and de- 
im problems, and about vector analysis 


hudent’s pro 
er thesis 
in consult 
best the sta 


at — mm his work in kinematics. However, 

aration ebelieve that Advanced Calculus should 

ours Wea pa part of the Master’s program in Ap- 

dea ied Mechanics. 

“— hare M.S. in Applied Mechanics 

neath a The difference between the Machine 
wign course and a program leading to 

. Master’s Degree in Engineering Me- 

mum prepimies is the diversification of the for- 

e desired ifr While both include some of the 


course Wiliine courses, the Engineering Mechanics 
ourses COliferam is a more specialized one. It 
r to the find include a year of Advanced Cal- 

us and one term each of Theory of 


alysis, lsticity and Plasticity, and by all 
ans a thesis. The Engineering Me- 
latices major is a specialist whom the 
igh Temperifichine designer among others consults 
i necessary. For him we propose the 

owing : 
l Advanced Calculus: One year’s 
nk (2 semesters, 3 hours each) inelud- 

‘omatic Cor 

"If thesis credit is given on an esti- 
1. ited time of 3 x 15 = 45 hours work per 
: t of credit, small problems could be as- 
ent might ned with credit from one hour up, and 
s part of Mild include a written report, Only theses 
with regal@ying six or more hours of credit would 


oject is sigpbund and stored in the school library. 
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ing a review of fundamentals, infinite 
series, Gamma, Beta and Bessel fune- 
tions, introduction to vector analysis, 
complex variables and partial differential 
equations. Wood’s “Advanced Calculus” 
is probably a suitable text. 

2. Vibration Problems: A three or four 
hour course the same as the one recom- 
mended for the Machine Design man. 

3. Theory of Elasticity: A three hour 
study of the mathematical theory of elas- 
ticity, general properties of stress tensor 
and strain tensor, two dimensional prob- 
lems solved by Airy’s function, elemen- 
tary three dimensional problems, ete. 

4. Theory of Plasticity: A three hour 
course covering the mathematical theory 
of plasticity; the laws of plastic flow, 
plastic flow in thick walled sphere and 
thick walled tube; plastic torsion, bend- 
ing, ete. 

5. Thesis: An individual research 
problem worthy of nine credit hours. 

6. The remaining credit hours to be se- 
lected from such courses as— 


Advanced Engineering Dynamics 
Applied Elasticity 

Experimental Stress Analysis 
Theory of Plates and Shells. 


Summary 


We have shown that a Machine De- 
signer is inherently a practical person 
who uses rather than discovers technical 
facts. Although he may be called upon 
to be both analyst and inventor, he is 
likely to be better at one than the other, 
and he has been in the business long 
enough to know which he prefers. We 
have shown too that graduate work is 
best suited to the needs of the analyst 
but that the type of analysis is diversi- 
fied. Thus it is necessary for a mechani- 
eal designer to know something about a 
great many things, which distinguishes 
him from his close relative the “applied 
mechanics major’ who knows a great 
deal about a few of the designer’s prob- 
lems. 
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Discussion 
By VENTON L. DOUGHTIE 


Professor of Mechanical Engineering, University of Texas 


I first would like to express my thanks 
to Professors Slaymaker and Wright for 
putting in print their ideas as to what 
“Graduate Work in Machine Design” 
should be. This is a topic which has 
many ramifications. To have found two 
people to co-author a paper on this sub- 
ject is indeed a milestone in machine de- 
sign education. I remember back in the 
early thirties when the late Professor F. 
L. Eidmann of Columbia University was 
editor of the Machine Design Bulletin, 
Advanced Machine Design Courses were 
considered for two years. All of us en- 
tered into the discussion, but no definite 
conclusions were reached. 

For the most part I agree with Pro- 
fessors Slaymaker and Wright, but there 
are a few ideas which I would like to in- 
ject into the thinking. The authors’ 
statements that, “Undergraduate Machine 
Design is the one subject which makes use 
of all previous courses” and “Subject- 
wise, the student meets nothing new in 
Machine Design. He simply applies 
what he has already learned” are well 
written. But I fear that our fellow staff 
members in Mechanical Engineering 
would not necessarily always agree to 
these statements. Often the Machine De- 
sign course is looked upon as a dull 
course in a drawing room where formulas 
and catalogues are used to obtain “a ma- 
chine” so that the student can make 
drawings. In our design courses, the 
making of elaborate drawings has been 
reduced to a minimum, drawing-room 
equipment is used as a means of obtain- 
ing results, and experimentation is often 
necessary to get an essential machine 
element. 

It would certainly be desirable for the 
graduate student in design to have some 
experience in this field before graduate 
study. I think any student would do bet- 
ter graduate work in any subject if he 
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course | 
thesis. 

in the ¢ 
able desi 
in deter 
first had some experience; but those of ys; subject 
from state supported schools cannot pr. ing. Th 
vent the student from continuing his} jrmine 

graduate study immediately after reegiy-] lations! 
ing his baccalaureate degree. Therefore,}}is design 
a graduate course of study must be pn- wtup al 
vided for this type of student. With the} meh imp 
increased amount of knowledge appar-Jsmeted, 
ently necessary for the young engineer, properly, 
it might not be too far amiss for him to} ind is it. 
do graduate work in Machine Design im-fmisms d 
mediately after obtaining his first degree exp 
Most of the courses, which Professors 
Slaymaker and Wright suggest for grad-Jud the ¢ 
uate students in Machine Design, ecouldfmt only 
be as well handled by the recent graduate}ind prac 
as the individual who has spent some time 
in industry. Some phases of the work 
could be more easily mastered, because 
the recent graduate would have his funda 
mentals more readily in mind. Included 
in this group would be Vibration Prob 
lems, Advanced Strength of Materials 
Dynamics of Machines, Applied Elastic 
ity and Experimental Stress Analysis 


The recent graduate could receive a great} Antonic 
deal of benefit from the course, Probgyeeds ex 


lems in Machine ‘Design, provided theplis count 
course contained practical as well as thepke part 
oretical applications. I would also lik@uspices 
for the student to have courses in Physigi#s of th 
cal Metallurgy, Servomechanisms a ben app 
Production. It is probably true that ingumes at 
genuity cannot be taught and that “know 
how” is absolutely necessary, but I be 
lieve that a student who has the interedlutitute. 
for graduate design study could 3 
should be taught how things are mad 
tool and machine limitations, cost anal 
ysis, and how America makes a living 
There is no substitute for practical 4 
perience, but a course on Produetio 
taught by a man with some productie 
experience and a design background, ¢ 
be beneficial to the person going into t 
design field. 


I do not agree with the authors that 
course Work may be substituted for a 
thesis. Perhaps this might be justified 
in the case of the person with consider- 
able design experience. The library work 
in determining what is known about a 
those of us} subject gives the student essential train- 
cannot pre-| ing. The analysis of the problem to de- 
tinuing his}tgmine the factors involved, their inter- 
fter receiy-} lationship, and the procedure for test 

Therefore,}is design at its best. Planning the test 
ust be pro-|yt-up and building a part of it teaches 
;- With the} meh important lessons as: how it is con- 
ge appar-Idructed, whether or not it functions 
1g engineer,{ properly, can it be built economically, 
; for him to}md is it, better than other possible mech- 
im-}misms designed for the same purpose. 
The experimentation, probably the first 
mthout a complete set of instructions, 


#} Antonio Ferri, a pioneer in flight at 
weeds exceeding sound, who came to 
his country during World War II, to 
eguke part in the war effort under the 
k@uspices of the Office of Strategic Serv- 
igs of the U. S. War Department, has 
ken appointed Professor of Aerody- 
ingumics at the Polytechnic Institute of 


that “know iwoklyn, it was announced yesterday by 
y, but I be h. Harry S. Rogers, president of the 
the intered§ lustitute. 


a A new professorship in metallurgical 
anigtgineer has been established at Car- 
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that test results are sometimes unpredict- 
able. Then finally the production of a 
thesis is an experience in the writing of 
an engineering report or technical publi- 
cation that is invaluable. It takes time, 
and often there is not a definite contribu- 
tion to the knowledge of the world, but 
sometimes negative results are useful. I 
believe six hours credit is sufficient for 
the master’s thesis. 

To briefly sum up my thoughts, (1) I 
would not limit graduate work in machine 
design to only those who had experience 
in design; (2) in addition to the analyti- 
cal courses, I would include courses on 
Production, Metallurgy, and Servomech- 
anisms; (3) in the so-called Advanced 
Machine Design Course, I would include 
some practical problems which would 
tease the student’s ingenuity; and (4) I 
would require a thesis. 


College Notes 


negie Institute of Technology through a 
grant from the Jones & Laughlin Steel 
Corporation, according to a joint an- 
nouncement today by Carnegie President 
J. C. Warner and Admiral Ben Moreell, 
president of Jones & Laughlin. The new 
chair, supported by a grant of $15,000 
per year, will be held by Dr. Gerhard J. 
Derge, professor of metallurgical engi- 
neering and a staff member of Carnegie’s 
Metals Research Laboratory. Part of 
this sum will be used for research and 
equipment. 


st for grad-}md the determination of the results will 
esign, couldfat only bring out the fact that theory 
ant gradustelmd practice do not always agree, but 
nt some time 
of the work 
red, because | 
re his funda 
i. Included 
ration Prob ; 
Mater 
lied Elastic 
ss Analysis) 
ceive a gtd 
purse, Prd 
provided { 
well as 
ld also | 
ses in Phy 
anisms 
true that 
are Wj 
s, cost 
kes a living 
practical @ 
Produetio 
e productio i 
kground, 
oing into th 


Mathematical Engineering Analysis 


By RUFUS OLDENBURGER 
Mathematician-engineer, Woodward Governor Company, Rockford, Illinois 


Industry is placing increasing emphasis 
on engineering analysis, namely, the 
mathematical treatment of engineering 
problems. Engineering analysis involves 
the setting up of physical systems in the 
form of mathematical equations, gen- 
erally differential equations, and the solu- 
tion of these equations. The problem of 
solving the equations is the concern of 
many courses in mathematics and some 
of the newly created ones on computing 
machines. Many fine textbooks are avail- 
able on these subjects, and they are often 
well taught. Instruction in the setting 
up of equations is a more difficult matter. 
Although this is one of the aims of any 
engineering curriculum, and the student 
will learn something about this from his 
regular engineering courses, the engi- 
neering graduate is generally ill equipped 
to step into industry and predict the 
performance of equipment, except for a 
few devices in which he has been es- 
pecially trained. Thus the mechanical 
engineering graduate may know how to 
calculate the characteristics of a steam 
turbine of a particular type by methods 
worked out by others who were able to 
write down the equations, but may be 
completely at a loss to calculate the per- 
formance of a rocket for which equa- 
tions have not been worked out by some- 
one else, or for which a pattern of caleu- 
lation has not been established. Even 
though the equations for a device have 
been worked out, one often does not 
have the time to look them up. 

As labor and materials have become 
more expensive the necessity for analyz- 
ing equipment to avoid building some- 
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thing that will not work has increasej 
considerably. Because engineering de. 
vices often involve components from all 
of the major fields of engineering, the 
engineer is being called on more ani 
more to analyze components in other 
branches than his specialty. Thus a 
electrical engineer may design a solenoid 
valve for controlling gasoline flow, and 
will need to know some hydraulic theory 
to study the valve. Large manufactur. 
ing establishments may have a hundrel 
or more people whose principle task is 
engineering analysis. These people ar 
sometimes mathematicians and physicists, 
but more often engineers with a litte 
more training in mathematics and phys 
ics than the average engineering gral- 
uate. Although large corporations em 
afford to have members who devote ther 
entire time to engineering analysis, its 
necessary for the average engineer ¢ol- 
cerned with research and development to 
make his own analyses. The demand for 
courses devoted entirely to this subjett 
has therefore increased considerably in 
the last few years. For this reason the 
author introduced a four semester how 
course in engineering analysis both at the 
Illinois Institute of Technology and ke 
Paul University, designed for seniors atl 
graduate students, along the lines t 
follow. 

Although the subject deserves more a 
tention than one course will allow, th 
tightness of present engineering sched 
ules makes it advisable to begin a et 
riculum in engineering analysis with om 
course only, running over one semesteét 
Although it is desirable for students " 
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have had some contact with differential 
equations and advanced calculus, these 
are by no means necessary since what- 
ever the professor needs from these sub- 
jects he can supply, or will have to re- 
view anyway. 


Course in Formulating Engineering 
Problems 


A course in the setting up of engineer- 
ing problems in mathematical form should 
have at least the following major ob- 
jectives. First, as far as possible the 
student should be taught a logical, rigor- 
ous mathematical picture of the domains 
of engineering to be covered, so that the 
student will see just how the laws he 
ues to set up a particular problem fit 
into the basic theory of the field. In this 
way he can better appreciate the limita- 
tions of these laws, and select the ones to 
be applied. 

Secondly, the student should be taught 
various principles for setting up equa- 
tions. These principles are concerned 
with the technique of setting up equa- 
tions, rather than the mathematical laws 
wed. Such principles are often assumed 
implicitly by the analyst, but may not be 
obvious to the initiate. For example, if 
an analyst has set up his problem by 
neglecting certain factors, he can intro- 
duee these factors individually. If his 
results in each case are unchanged, he may 
suppose with confidence that if he in- 
troduced these factors simultaneously his 
results would be unchanged, whence his 
neglect of all of these factors in his initial 
malysis is justified. It is the author’s 
perience that such principles can well 
be taught during the solution of practical 
problems so that these principles take on 
immediate everyday significance. 

Thirdly, the student should be shown 
how a wide variety of frequently oceur- 
ting practical problems are set up to a 
ptecision needed in industry. The equa- 
tions so obtained should be as simple as 
possible because the efficient treatment of 
‘problem generally implies the deriva- 
tion of a simple set of equations whose 
wlution can be obtained with a mini- 
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mum amount of effort to no more ac- 
curacy than is required for the problem, 
or allowed when unknown factors are 
considered. 


Division of Subject Matter 


In a one semester course on the setting 
up of equations for physical systems it is 
not possible to cover all of the major 
branches of engineering. One solution is 
to treat the mechanics of particles and 
rigid bodies, fluid mechanics, heat, and 
electrical engineering. A possible divi- 
sion of subject matter is the following. 


Mechanics—5 weeks (20 hours) 


Mechanies of particles 1 hour 

Mechanies of rigid bodies, 
especially linear motions 

General treatment of forces 
which occur in nature 

Review of ordinary linear 
differential equations 

Applications to engineering 
problems in linear motions 
and methods of making 
simplifying assumptions 

Theory of rotational motion 
about an axis 

Problems involving rotations, 
and combinations of linear 
and rotational motion 

General principles for setting 
up mechanics problems 

Dimensional analysis with appli- 
cations to mechanics problems 3 hours 


4 hours 
1 hour 


2 hours 


4 hours 


1 hour 


3 hours 


1 hour 


Fluid mechanics—3 weeks (12 hours) 
Basic equations of fluid flow 
(force, continuity, and 


energy) 
Applications to flow of 


liquids (such as water) 4 hours 
Theory and applications 
to aerodynamics 2 hours 
General principles for setting 
up fluid mechanics problems 1 hour 
Dimensional analysis applied 
to fluid problems 2 hours 
Heat—3 weeks (12 hours) 
Laws of thermodynamics 3 hours 
Applications to thermodynamics 
problems (such as the flow 
of gases) 3 hours 
2 hours 


Laws of heat transfer 


} 
| 
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Applications of heat transfer few notions which must be borrowed 
theory ‘ ; 2 hours from the theory of elasticity, the subject 

General principles in the of fluid mechanics can also be taught in 
of hens completely logical manner in a reg. 

l hour Sonable amount of time. This is not true 

of the subjects of heat, electricity, and 
Electricity and magnetism—3 weeks (12 magnetism. Thus in heat transfer the 

hours) proof of the Stefan-Boltzmann radiation 

Commonly applied laws (such law is much too involved to be included 
as those of Kirchhoff for in the course. Further, it is not possible 
networks and Faraday for to treat properly the theory of electricity 
induced electromotive force) 5 hours and magnetism in completely logical de. Th 

Applications to engineering tail, and it will therefore be necessary | abor 
hours to explain the meaning of the laws, and Bee! 

leave the details to be filled in by the 
analysis of electrical and ‘ais sides 
magnetic problems 1 hour Student at his leisure. 

Dimensional analysis applied In the course described above the pro | °™@P 
to electrical engineering fessor can give the student some back | °nst 
problems l hour ground in the rapidly developing field i 

: of engineering analysis, teaching him 

remainder of the: Be and giving him em | ‘way 

of prableme, practice in the setting up of 

The portion of the course devoted to wide engineering and 

mechanics can be given in a completely mathemesies! form. how 
logical, rigorous manner, on the assump- BIBLIOGRAPHY dents 
tion that the student has the mathemati- Waurer C., ‘‘Mathematical and | for th 
eal background in hand. Because me- physical principles of engineering | colleg 
chanics is so basic to all engineering, and analysis,’? McGraw-Hill, 1944. from 
| can easily be taught in a logical way, it O.penBuRGER, RuFus, ‘‘Mathematical eng: | ing « 
is desirable to devote a fair portion of neering analysis,’’? Macmillan Com | course 
the course to this subject. Except for a pany, 1950. tion.) 
A 
long 3 
collect 
not b 
less th 
ANNUAL MEETING ered. 
riodies 

June 23-27, 1952 oth 
don’t | 
cost m 

of 31 

within 
Dartmouth College Hanover, N.H. oa 
the siz 
about | 
replace 

today 

smal] 


borrowed 
he subject 
taught in 
in a res 
is not true 
ricity, and 
ansfer the 
1 radiation 
e included 
ot possible 
electricity 
logical de- 
necessary 
laws, and 
in by the 


ye the pro- 
some baek- 
oping’ field 
ching him 

him 
ig up ofa 
yroblems in 


Bibliodynamics Laboratory 


By GEORGE 8. BONN 


Associate Librarian, The Rice Institute 


The most expensive single piece of 
laboratory equipment in almost any engi- 
neering school in the country is its sci- 
ence-technology research library. Be- 
sides being expensive, it is relatively 
complex in theory, fairly complicated in 
construction, sometimes baffling in oper- 
ation technique, frequently difficult in 
interpretation of results obtained, and 
always dangerous to misuse. It is a sen- 
sitive, though not necessarily a delicate, 
precision instrument—a_ well-designed 
and finely-engineered mechanism. Yet, 
how much real training in its use do stu- 
dents and research workers (and faculty, 
for that matter) get in the course of their 
college careers? Precious little, judging 
from information available in engineer- 
ing college catalogs. (Columbia, of 
course, has been the perennial excep- 
tion.) 

A well-stacked research library with 
long runs of journals and an extensive 
collection of current reference books can- 
not be duplicated these days for much 
less than $15 a volume, all things consid- 
ered. Just take a look at any of the pe- 
tiodieal catalogs that are sent out from 
time to time by the various dealers in 
back sets of research journals, if you 
don’t believe it. A pertinent example of 
cost might be this one: The median size 
of 31 engineering departmental libraries 
within university libraries, according to 
an Engineering School Libraries Survey 
in 1948-1949, was 13,000 volumes, and 
the sizes of the 31 libraries ranged from 
about 2000 to over 63,000 volumes. The 
replacement value of this median library 
today would be close to $195,000, no 
small sum in anybody’s budget. And 
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there are a good many excellent research 
libraries that are many times larger than 
this median departmental library. 

Yet, every day scores of complete (or 
almost complete) novices, tyros, and 
fledgling research workers are turned 
loose on this expensive and defenseless 
piece of equipment in almost every school 
in the country. 


Bibliocomplexes 


There have been volumes written about 
the three-dimensional character of the 
inter-relationships between segments of 
the world’s knowledge and about the 
problems of applying such a three-dimen- 
sional classification system to a two-di- 
mensional book classification scheme so 
that books, in libraries for instance, can 
be shelved in a linear arrangement. 
There are volumes on the principles of 
cataloging books according to subject 
matter within this required two-dimen- 
sional system, just one of numerous cata- 
loging problems confronted in every li- 
brary. 

Another time-consuming problem, both 
to the cataloger and to the subsequent li- 
brary user, is the little matter of catalog 
entries. Briefly, the philosophy of cata- 
loging is based largely on the admonition 
to render unto Caesar those things that 
are Caesar’s; the only catch is in being 
mighty sure of your Caesar. For in- 
stanee, the official journals, bulletins, 
transactions, proceedings, and the like of 
learned and professional societies are al- 
ways cataloged (and listed) under the 
names of the societies, unless the publi- 
cations have more distinctive titles. But 
most other publications come under their 
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given titles. A small point, perhaps, but 
knowing a little bit about the theory be- 
hind this apparent chicanery will save 
the library user many moments of mad- 
dening frustration. 
bibliocomplexes founded or confounded 
on what seems to be sheer caprice on the 
part of the librarians; these have a way 
of popping up at the most awkward 
times as the users of our libraries dis- 
cover for themselves through nothing 
better than personal perseverance. 

The very construction of the library 
presents difficulties to most users; not 
only the construction of the building it- 
self but also the construction of the cata- 
log and of the system for shelving pe- 
riodicals, to mention a few. Older li- 
braries have construction problems that 
are present in absolutely nothing else but 
in older libraries. For one thing, they 
all have edifice complexes. They are 
usually modeled after some Gothic pile, 
a chapel or an Old English dining hall 
or something else equally inspirational. 
There is hardly a functional stone in 
them and the one ray of light that slips 
in through each slim medallioned window 
does little to guide the weary searcher in 
his quest for truth. If the stacks are 
open and there is enough light to see by, 
the quester may find that bound periodi- 
cals have a shelving sequence entirely in- 
dependent of everything else, based either 
on some alphabet or on the individual 
size of each journal. Even more re- 
eently-built libraries have the double 
standard in their shelving procedures, 
large volumes being arranged in a sepa- 
rate sequence from the one in which the 
ordinary-sized or small volumes are 
shelved. And the construction (or divi- 
sion or arrangement or what have you) 
of the card catalog, the real key to the 
library’s treasures, is at times so baffling 
as to preclude even the most rudimentary 
search without some initiation into its 
mysteries. 

Where to attack a room full of reference 
books, encyclopedias, handbooks, index 
services, abstract services, dictionaries, 
and several card catalogs is a decision 


And there are other - 


BIBLIODYNAMICS LABORATORY 


that even the most hardy and ingenious 
soul at times finds difficult to make. 
Without an intelligent S.O.P. or more 
luck than might be reasonably expected, 
the hopeful novice is simply stopped in 
his tracks. Operation Killer seems tame 
in comparison with Operation Library, to 
our particular hero at any rate. Not 
knowing where to attack first our Don 


Quixote turns his lance on—yes, you: 


guessed it—the person seated behind “the 
desk,” the only one who looks at all 
official. 

The neophyte seminar student or 
fledgling research worker tracking down 
references reminds one of nothing so 
much as a sad-eyed bloodhound. With 3 
by 5 eards full of hieroglyphics, numbers, 
signs, letters, and punctuation marks, he 
tries his best to pin down the elusive bit 
of information he hopes to have verified. 
He surmises, he guesses, he cusses, he fol- 
lows tips, he flips pages, he pounces upon 
clues until finally he wears out his pa- 
tience and calls down a pox on the whole 
business. Getting a cardful of references 
to be unearthed is one matter, but inter- 
preting them is quite another more often 
than not. Experience is, indeed, a hard 
master. 

Now, it must be recognized that these 
bibliocomplexes and most others that li 
brary users come up against are part and 
parcel of any good science-technology re- 
search library that covers any appreci- 
able portion of the world’s knowledge, 
just as complex mechanisms and compli- 
cated scientific theories are part and pat- 
cel of any piece of laboratory equipment 
that is used for more than a foot rule 
The tyro in any science or engineering 
lab is on a par with the novice in a s¢- 
ence-technology library; both are con 
fronted with what has come to be known 
as the innate cussedness of inanimate 
objects. Engineers are constantly work- 
ing on the simplification of both machin- 
ery construction and machinery opefa- 
tion; so, too, are librarians working 0 
the simplification of library construction 
and library operation. (Paradoxically, 
both engineers and librarians are builé- 
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ing, at the same time, more and more 
complicated devices to do more and more 
complicated operations on more and more 
complicated problems that have arisen 
because of our ever-increasing accumula- 
tion of knowledge!) 

Among the several purposes for labor- 
atory instruction in one of the engineer- 
ing departments at Northwestern Univer- 
sity, for instance, are these: “To acquaint 
the student with machines and instru- 
ments and their use in engineering test- 
ing,” and “To develop resourcefulness in 
setting up the apparatus, abstracting the 
pertinent data and drawing sound con- 
dusions therefrom.” In the first lab 
course in this department, some 50 per 
eent of the time is spent directly on in- 
struments and testing, and another 20 
per cent of the time on instrument and 
machine construction. In _ beginning 
courses in other engineering labs up to 60 
per cent of the instructor’s time is spent 
on instruction in the use of equipment 
and attendant ramifications. These same 
pereentages hold true in many other 
schools, too, no doubt. In every ease, in- 
tensive training is given the student at 
the time he most needs it: when he is first 
confronted with the problem of actually 
using the equipment for its intended pur- 
pose. It is then that the training is 
necessary both for the preservation of 
the equipment and for the education of 
the student; the training will sink in 
when the student appreciates its signifi- 
cance, 


Bibliotechnical Training 


It can be said with a great deal of 
truth that freshman English courses or 
freshman engineering-orientation lectures 
introduce the new students to the library. 
Unfortunately, however, the student has 
no continuing interest in the library more 
than that which might be required for 
him to write the term paper for English 
101; the library, if it’s a decently quiet 
and properly lighted one, becomes there- 
after a place to: (1) study homework, 
(2) rest, (3) get dates, (4) read the 
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newspaper, or, though rarely, (5) look 
at pictures in engineering magazines. 
Three or four years later after any ink- 
ling whatsoever of what the library can 
do for the student has long since dis- 
appeared, our junior or senior gets his 
comeupance in an undergraduate (or 
even graduate) seminar or a literature 
survey course. Having once heard about 
the library as a freshman he is turned 
loose in it with great expectations, but 
with what disastrous results. 

And it can also be said with truth that 
many high schools have excellent library 
training in certain courses. So do they 
have excellent manual training and me- 
chanical drawing and chemistry and 
physics courses and labs. But the differ- 
ence between what the student gets in 
high school and what he gets in college 
is, to say the least, appreciable, even 
though the courses have similar subject 
approach. And the difference between a 
high school (or a branch public) library 
and a good science-technology library is 
also appreciable. It should be noted, 
though, that good library habits learned 
at the impressionable high school age 
seem to stand the student in good stead 
for quick assimilation of research library 
techniques later on. 

It is true that most subject literature 
or seminar courses allow an hour or so on 
“the important sources of information” 
(or some such wording) in the particular 
field under consideration before the stu- 
dent is sent on his merry way. The re- 
sults are about the same regardless of 
when the student gets his library brief- 
ing: the library staff gets each student in- 
dividually and gives him just such infor- 
mation as the student wants for his im- 
mediate problem; the next time the same 
student will have a different problem, and 
the next time, and the next, ad gradua- 
tion. These results are inevitable when- 
ever the student becomes interested in a 
different, though related, field. However 
useful they are in keeping the library 
staff busy (and therefore happy because 
the statisties are going up) these results 
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are also flagrant evidences of inefficient 
use of the time of everybody concerned, 
the student, the instructor, and the li- 
brary staff member. 

There are some who may question the 


necessity or even the value of more than” 


mere briefing in the proper use of a sci- 
ence-technology library for undergradu- 
ate students. If the purpose of engineer- 
ing education is to turn out mere techni- 
cians, intelligent equipment operators, or 
brilliant slide-rule manipulators, then 
there is no point in spending more than 
a minimum time on library introduction. 
But if the purpose of engineering edu- 
cation is to give students a sound basis 
for furthering their own ambitions 
through continued study and interest in 
the field of engineering and to help stu- 
dents set patterns of scientific thinking 
that will be useful to them the rest of 
their lives, certainly they must be ac- 
quainted with and have respect for a 
good science-technology library and they 
must know how useful it can be in what- 
ever field of work they find themselves. 
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It should be the purpose of any train. 
ing in library usage first, to acquaint the 
student with the technical literature of 
engineering in general and of his own 
field in particular; second, to introduce 
the student to the literature of allied 
fields of science and to the literature of 
the social sciences and of the humanities; 
third, to prepare the student to make an 
efficient literature search; and fourth, to 


acquaint the student with the resources 


of his own engineering school library. 
Instruction in the proper use of a piece 
of lab or research equipment is neces- 
sary so that the device may be put to the 
most efficient use for which it was in- 
tended. Machines that are expensive, 
hazardous, delicate, sensitive, complicated 
in theory, complicated in construction, 
complicated in operation technique, or 
complicated in the interpretation of re 
sults all require—and get—expert care 
and training in their operation. Why 
shouldn’t the science-technology library 
which is, in its own way, just as needful 
of proper care and training in its use? 


College Notes 


Dr. Harry ‘P. Hammond, Dean of the 
School of Engineering at the Pennsyl- 
vania State College, retired with emeritus 
rank on September 1 and was succeeded 
by Dr. Erie A. Walker, Director of the 
Ordnance Research Laboratory and Pro- 
fessor and Head of the Department of 
Electrical Engineering. 

The research program in the School of 
Engineering made phenomenal gains dur- 
ing Dean Hammond’s 14 years at Penn 
State, and today Penn State ranks 


among the leaders of all the institu- 
tions of the nation in funds budgeted 
for research conducted by its School 
of Engineering. Physical facilities of the 
School have also been expanded with the 
Electrical Engineering Building, which 


was started soon after Dean Hammond's 
appointment, completed in 1939, and the 
Civil Engineering Surveying camp ¢con- 
structed in 1940 and others. 

During his years at Penn State, Dean 
Hammond won two of the top national 
engineering awards. In 1945, he was 
presented the Lamme Award, the top 
honor in the field of engineering educa- 
tion, while last year he was given the 
James H. McGraw Award in Technical 
Institute Education by the American 
Society for Engineering Education. 

In World War II, Dean Hammond 
served as a member of the National Ad- 
visory Committee of Engineering De 
fense Training and was in charge of the 
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Thermodynamics for Graduate Students* 


By ALI BULENT CAMBEL 
Assistant Professor of Mechanical Engineering, State University of Iowa 


Teaching advanced thermodynamics to 
graduate students is more difficult than 
teaching the basie discipline to under- 
graduates because for the former there 
are neither prescribed curricula nor 
standard texts. The instructor must be 
the sole and uncertain judge of what and 
how to teach future thermodynamicists. 

In considering the problems involved 
in teaching of advanced thermodynamics, 
the first question which may be posed is: 
To what career does a graduate student 
specializing in thermodynamics look for- 
ward? Probably to scientific rather than 
production or maintenance work, either 
in an educational institution or in a re- 
search laboratory. The next question is: 
What is meant by scientific work in the 
field of thermodynamics? And the an- 
swer: Scientific work in thermodynamics 
is research and development leading to 
more economical or heretofore unknown 
conversions of thermal energy. The final 
question which may be asked is: Is there 
any need for research in thermody- 
namics? Definitely, yes. If we consider 
the depletion of our conventional fuels 
and resources, the needs of the atomic 
era, flight at great speeds and high alti- 
tudes, to say nothing of the intellectual 
challenges of the endless frontiers of sci- 
eee, we become convinced that there is 
definite need both for thermodynamic re- 
arch and for the development of re- 
soureeful thermodynamicists who are able 
fo exeeute such research development. 


*Presented before the Mechanical Engi- 
leering Division at the Annual Meeting of 
the ASEE, East Lansing, Michigan, June 
27, 1951. 
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The initial training of future thermo- 
dynamicists takes place at the graduate 
level at which objectives for teaching are 
different from those for undergraduate 
instruction. In the teaching of thermo- 
dynamics to undergraduates the objec- 
tive is to acquaint the student with fun- 
damental laws and the standard applica- 
tions of them. With graduate students, 
the purpose is not to repeat what has 
already been taught, but to deduce with 
them the various implications of the 
fundamental laws, to test the possibility 
of new applications of the laws, and to 
lead them to apprehend the logic of 
thermodynamics. Obviously, therefore, 
the teaching of future pioneers in thermo- 
dynamics will properly be more eclectic 
than dogmatic. 

When the thermodynamicist does sci- 
entific work, investigating little known 
phenomena or developing new devices, 
how does he conduct his research? 
Either in some unorganized, trial-and- 
error way or in an organized and con- 
trolled manner. Undoubtedly the latter 
is preferable, because we can no longer 
afford to waste time, money, and human 
lives. 

Organized research means, first, that 
which is based on analytical or empirical 
justification or on both. The research 
worker who does not know well the theory 
of his discipline can produce at best 
only mediocre work. Helmholtz advised, 
“There is nothing more practical than a 
good theory.” 

Second, organized research means that 
which is carried on methodically. Inves- 
tigations in thermodynamics, as in any 
other field in which the frontiers of 
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knowledge are to be pushed outward, 
must go through four stages. First, a 
general phenomenological knowledge of 
the possible events must be established 
from laboratory observations or from 
previous experience. Second, with this 
rough idea, an analysis should be made 
to formulate a mathematical expression 
of the phenomena. Third, this mathe- 
matical analysis must be experimentally 
proved. Many brilliant mathematical de- 
rivations do not truly represent the phe- 
nomenon described. Only a laboratory 
test of mathematical predictions can es- 
tablish their validity. The design of the 
instrumentation for laboratory measure- 
ments as well as the measurements 
themselves will be determined by the 
mathematical analysis so the mathe- 
matics should be in a form that can be 
conveniently translated into a material 
state. Fourth, the data must be or- 
ganized and from them a theory devel- 
oped which is valid both mathematically 
and experimentally. Therefore, organ- 
ized research in thermodynamics is based 
on sound justification and proceeds 
through a cycle of observation, formula- 
tion, measurement, and generalization. 
If this method of systematic study is 
inculeated into our graduate students we 
may expect to see some very fruitful 
work produced. 


A Graduate Course in Thermodynamics 


With the type and manner of work of 
the thermodynamicist defined, a method 
of preparing graduate students for such 
a career can be proposed. The three 
credit hours, one semester course which 
has been offered for the past two years 
in the Mechanical Engineering Depart- 
ment of the State University of Iowa is 
open only to graduate students who are 
working towards the master’s or the doc- 
tor’s degree. The prerequisites are 


undergraduate thermodynamics, fluid me- 
chanics, and engineering mathematics. 
Undergraduate courses in thermody- 
namics and fluid mechanics are clearly 
explained in the requirements of the 
ECPD, but “engineering mathematics” 


THERMODYNAMICS FOR GRADUATE STUDENTS 


perhaps should be defined as a course be. 
yond the ealeulus. Most institutions noy 
require such a course, sometimes called 
“applied mathematics,” which, though 
differing among institutions, usually jn. 
eludes ordinary and partial differential 
equations, theory of equations and veetor 
analysis. 

In our “Mathematical and Experi 
mental Thermodynamics” the approach 
to thermodynamics is classical rather 
than statistical, because the mechanical 
engineer is concerned with macroscopic 
rather than microscopic systems. The ma- 
terial covered may be outlined in the 
sequence usually followed: 

1. The Concept of Temperature and the 
Zeroth Law. The general mathematical 
expression for a thermometric scale is 
presented and the methods of constructing 
thermometers utilizing various thermo- 
metric properties are explained. The 
possible errors in thermometers are dis 
cussed and time lag is considered both 
analytically and physically. The cours 
is started with thermometry because the 
student has dealt extensively with the 
use of thermometers and therefore he is 
at least on familiar ground when he is 
first asked to use mathematics and 
late it to empirics. 

2. The Equation of State and Thermal 
Coefficients. The technique of setting 
up state equations is demonstrated ani 
the interrelationship of thermal coefi- 
cients is explained. It is indicated that 
thermodynamical coefficients are expres 
sible by partial derivatives. Then the 
instrumentation necessary for the quat- 
tative measurement of these coefficients 
is described. On the basis of the. diffietl- 
ties of measurement encountered in it- 
strumentation the suggestion is made 
that it is often convenient to transform 
an unknown thermal coefficient into one 
better known or one measured more 
easily than is the unknown coefficient 
itself. 

3. Dimensional Analysis. Though di 
mensional analysis has been applied & 
tensively in heat transfer and fluid flow, 
its potentialities have not been fully & 
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ploited in the field of thermodynamics. 
For instance, work on the applying of 
the principles of similitude in the de- 
signing of internal combustion engines 
is already being carried on in several in- 
stitutions. Therefore, this study is very 
practical. Furthermore, the teaching of 
dimensional analysis manifests the differ- 
ence between equations in applied mathe- 
matics and those in pure mathematics. 
Further, it is emphasized that the num- 
ber of dimensionless products is not nec- 
essarily equal to the number of derived 
units minus the number of fundamental 
limits. 

4. The Line Integral. The difference 
between path functions and point fune- 
tions is demonstrated and a study is 
made of the theorems which indicate how 
a thermodynamical function may be 
tested for independence of its path. In 
studying the appropriate theorems their 
necessary and sufficient conditions are 
proved, so that the student achieves a 
better grasp of the mathematical ap- 
proach to thermodynamics. 

5. The First Fundamental Law. The 
first law is approached in accordance 
with the Poincaré view. This may have 
been expected from the study of the 
Zeroth Law. The mathematical necessity 
for the existence of internal energy is 
proved, and its being a point function is 
demonstrated. The fact that the steady 
flow energy equation is a consequence of 
the first law and that the first law is not 
derived from the steady flow equation is 
particularly emphasized. The enthalpy 
is introduced and various relations for 
computing it from other thermal coeffi- 
cients are derived. 

6. The Second Law of Thermodynamics. 
Kelvin’s temperature scale is explained 
and then Clausius’ theorem is used to 
demonstrate that the entropy is a mathe- 
matical necessity because it becomes ap- 
parent when an integrating factor is 
found in the converting of an inexact 
to an exact differential. Relations are 
developed to define the entropy in terms 
of quantities which are directly measure- 
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able, thus familiarizing the student with 
the development of thermodynamic ta- 
bles. The free energy functions of 
Helmholtz and Gibbs and Planck are 
discussed in some detail, and it is shown 
that. like the entropy, they are criteria of 
equilibrium. 

7. The Third Law of Thermodynamics. 
Although Nernst’s heat theorem has 
reached the status of a thermodynamic 
law it is rather difficult to convince stu- 
dents by means of classical thermody- 
namics that the integration constant of 
the entropy differential should be zero 
at absolute zero. In explaining the third 
law the approach of Lewis and Randall 
is followed. 

8. Thermodynamic Functions. The 
Maxwell equations are derived both by 
the method of partial differential equa- 
tions and by that of analytical geometry. 

9. Functional Determinants. The fun- 
damental theorems of the Jacobians are 
proved. It is showed that these must be 
obeyed in the writing of an equation of 
state or the unequivocal determination of 
a thermodynamic state point. Norman 
Shaw’s Jacobian method in the manipu- 
lation of thermodynamic equations is dis- 
cussed and the resulting relations are dis- 
cussed from the point of view of ease of 
experimental determination. 

10. Thermodynamics of Fluid Flow. 
Vectorial analysis is presented as the 
thermodynamicist’s best technique for in- 
vestigating fluid flow. The discussion is 
based on the Eulerian system thus imme- 
diately restricting it to isentropic flow. 
It is showed, for example, that for irrota- 
tional flow the entropy must remain a 
constant. Furthermore, it is indicated 
that for supersonic flow the characteris- 
tie equation must be expressed in hyper- 
bolie form. 

11. Gas Dynamics. The thermody- 
namics of gases at high velocities is dis- 
cussed on the basis of the energy equa- 
tion, by which losses may be accounted 
for. The Fanno conditions, the Rayleigh 
conditions, and shock phenomena are 
considered. The measurement of flow 
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quantities by the stagnation tube and the 
Toepler-Schlieren method are studied as 
the final topics in the course. 


General Comments 


To this topical outline of “Mathemati- 
cal and Experimental Thermodynamics” 
should be added some general comments: 

1. The instruction is not an attempt to 
teach thermodynamics nor mathematics 
nor instrumentation, but to show the 
mathematical and experimental tech- 
niques available to the research thermo- 
dynamicist. 

2. The instruction attempts logically 
to develop in the student an understand- 
ing of thermodynamics by the emphasiz- 
ing of the interrelation between mathe- 
matics and experimentation. The ap- 
proach is fundamentally mathematical. 
There is no more simple nor more un- 
inhibited approach to thermodynamic re- 
search than that of mathematics. How- 
ever, experimental checking is continu- 
ally urged as a salutary rein on the 
enthusiasm of the theorist. In a crude 
analogy, mathematics is comparable with 
the vigor of youth, and instrumentation 
with the wisdom of experience and ma- 
turity. In conjunction, mathematics and 
instrumentation make up a_ powerful 
team; separately, they achieve little. 

3. The instruction indicates to the stu- 
dent some of the present limitations of 
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classical thermodynamics and urges that 
he become familiar with Kinetic Theory 
and Statistical Thermodynamics. (py 
the other hand it becomes evident that the 
science of thermodynamics is far from 
having been exhaustively investigated. 
4. By presenting research methods the 
instruction makes it possible for the ad- 
vanced student writing a thesis to spend 
less time developing his techniques and 


more gathering and interpreting his data, 


5. To future teachers of thermody. 
namics the instruction imparts an insight 
which can be achieved only by a philo- 
sophical approach. 

6. No attempt is made to give a physi- 
cal meaning to mathematical functions 
like the enthalpy, the entropy and the 
free energies. However, their impor 
tance in studying physical effects is dis- 
cussed. 

7. Research requires the drawing of 
correct conclusions from feasible assump- 
tions. In other words, it rests on syl- 
logisms which in engineering research 
are represented by mathematical relations. 

This course was instituted to transform 
graduate students into thermodynamicists 
who are prepared for their jobs and who 
ean work at them efficiently. The con- 
tent and methodology grew out of a con- 
sideration of the kind of work and the 
proper method of procedure of a scientist 
in thermodynamics. 
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C.J. Vierck B. L. WELLMAN, Editor C. E. Rowe 

PAFFENBARGER 


Mid-Winter Drawing Division Program 
New York City, January 23, 24 and 25, 1952 


The Executive Committee has accepted 
the invitation of three New York universi- 
ties to hold the Mid-Winter Meeting of the 
Drawing Division in that city in January, 
1952. The tentative program is as follows: 


Wednesday, January 23, 1952 
AT THE CooPpER UNION 


Morning 
§:30-10:00 Registration. 
Inspection of Department of Machine De- 
sign and Engineering Drawing. 
Tour of Historic Foundation Building of 
The Cooper Union for those who de- 
sire it. 


10:00-12:00 Meeting. 

Greetings, Dr. Edwin S. Burdell, Presi- 
sident of The Cooper Union. 

Welcome from the Engineering School, 
Dean Norman L. Towle. 

Response, Professor Clifford H. Springer, 
Division Chairman. 

“Descriptive Geometry in Ship-building.’’ 
Mr. Renato Iodice, Naval Architect, 
Gulf Oil Company, Part-time Instruc- 
tor, The Cooper Union Evening School. 


12:00 Luncheon. 


Afternoon 


1:00-1:20 Board bus for New York Naval 
Shipyard. 

2:00-4:15 New York Naval Shipyard. 

Greetings, Rear Admiral P. B. Nibecker, 
Commander, New York Naval Shipyard 
and Naval Base. 
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Demonstration and Explanation of Loft- 
ing in the Mold Loft (developing a 
shell plate), Lieutenant (S.G.) Dixon, 
assisted by a loftsman. 

Visit to Plate Shop, direction of Com- 
mander Fink. 

Visit to Dry Docks (if time and weather 
permit). 

5:00 Arrive at The Cooper Union 

Open House. 


Evening Executive Committee Dinner. 


Women’s Program 
Tours of New York City, visits to Mu- 
seums and Art Galleries, shopping, 
luncheon. 


Thursday, January 24, 1952 
at THe UNITED STaTES MILITARY ACADEMY 
West Point, N. Y. 


Morning 


8:30 Leave New York by special bus. 

10:30 Arrive at West Point. 

11:00-1:00 Men’s Program, in Depart- 
ment of Military Topography and 
Graphies. 

1. The mission of West Point. 

2. The over-all curriculum and its effect 
on fulfilling this mission. 

3. The part played by the Department of 
Military Topography and Graphics in 
in this curriculum. 

4. Demonstration of methods used. 

5. Exhibition of facilities, teaching aids, 
ete. 
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Women’s Program 
Conducted tour of kitchens, bakeries, 
cadet mess hall and museum, as time 
permits. 


Afternoon 

1:00 Luncheon at Hotel Thayer (both men 
and women). 

2:00-4:00 Conducted tour of West Point 
Reservation, concluding with a_ short 
organ recital in the Cadet Chapel (men 
and women). 

3:00-4:00 Opportunity for members to 
meet friends or relatives in the Cadet 
Corps. 

4:00-6:00 Return to New York City. 


Evening Theatre party. Efforts are being 
made to reserve a block of tickets for 
a musical show. 


Friday, January 25, 1952 
at CoLUMBIA UNIVERSITY 


Men’s Program 


Morning 

9:00 Inspection of Department of Graph- 
ies, 6th floor, Eng. Bldg. 

10:30 At Harkness Academic Theatre. 

‘¢The Integration of Drafting with the 

Photographie Process,’’ Lloyd E. Var- 
den, Technical Director, Pavelle Color, 
Ine. 


THE T-SQUARE PAGE 


Discussion. 
Second paper to be announced. 
12:30 Luncheon. John Jay Hall Mem. 
nine. 


Afternoon 
2:00 Trip 1. Special bus to ‘‘ Nevis,’’ . 
spection of the Columbia Universit; 
Cyclotron. : 
Trip 2. Inspection of the photographic 
color processing plant of Pavelle Color, 
Ine. 


Evening Annual Dinner, Men’s Faeulty 
Club, Columbia University. 
Speaker: Dr. John R. Dunning, Dean of 
the School of Engineering, Columbix 
University. 


Women’s Program 

Morning Guides will be provided for shop. 
ping or sight-seeing. Television color 
broadcast. 


Afternoon 

1:00 Luncheon. 

2:00 Style Show. 

3: mg Choice of following trips: 

1. Behind-the-scene trip through Vogu 
publishing offices. 

. Good Housekeeping Institute. 

. McCall Home-Maker Institute. 

. Costume Institute, Metropolitan Mu- 
seum of Art. 
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The majority of text-books in Engi- 
neering Mechanics in this country, while 
giving a good selection of problems on 
vlling without slipping, fail to explain 
in an adequate manner the method of 
lution when sliding does occur or is 
suspected. 

The statement: . . . “A homogeneous 
yylinder (or wheel, or sphere) of radius 
rrolls without slipping .. .” is taken 
by the students for granted nearly in the 
wme way as for instance the fact that all 
bodies in Mechanics are considered to be 


rigid. 
A. Pure Rolling 


A homogeneous body (cylinder, wheel, 
lise or sphere) rolls down a rough in- 
dined plane without sliding. Find the 
tistance travelled in ¢ seconds from rest. 
Suppose that, at the beginning of the 
notion, B was in contact with A. C is 
the point of contact ¢ seconds after the 
start. Let AC be denoted by z and let 


TIMELY TIPS 
Problems Relating to Rolling With Slipping 


By 8S. R. UNIECHOWSKI 
Assistant Professor of Engineering Mechanics, University of Detroit 


r be the radius. Let N by the normal 
pressure between the body and the plane 
and F the frictional resistance up the 
plane. The equations of motion of the 
mass-center of the body will be: 


ZF, = Mgsing — F = Ma,,_ (1) 
=F, = M4a,; Mg cos@ — N = 0, (2) 
2T =T1a;rF = Ia. (3) 


Since there is no sliding AC is equal to 
the are BC; that is 


X = 70. (4) 

Differentiating both sides twice, we get 

de =a, = "Te = Ta. (5) 


Eliminating F from (1) and (8) 
M(raéz + K*a) = Mrgsing. (6) 
From (5) and (6) 


= 
a; = sing. (7) 


Integrating twice the last equation the 
distance travelled in ¢ seconds from rest 
is thus 


7 
A= + Ky sing. (8) 
Equation (1) gives now the friction. 
Thus 


F = Mgsing — Ma, 
2 


K 
= aa Mo sing. (9) 
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B. Rolling and Sliding 


A homogeneous body (as in ‘‘A’’) rolls 
and slips down a rough inclined plane. 
Find the acceleration down the plane 
G, and the angular acceleration. ( 

When the body is rolling and sliding 
the friction is limiting friction. 

The equations (1), (2) and (3) of 
part “A” are still valid. But since 
slipping takes place the equation (4) is 
no longer true. Instead we have the 
equation expressing the fact that the 
friction is limiting friction. 


F= uKN, (4) 


where ux is the coefficient of Kinetic 
friction. From equation (2) 


ukN = uxMg cosd. (5) 


Substituting this value for F in (1) and 
(3) and then dividing each by M 


d, = gsing — (6) 
K*a = (7) 


Thus both the acceleration of the mass- 
center dG, and the angular acceleration 
a are constant. The motion of the 
mass-center is entirely independent of 
the shape of the body when slipping does 
occur. 

The equation (6) is just the same for a 
body which does not roll at all. 


C. Test for Slipping when a Body (as 
in ““A”’) Rolls Down a Rough 
Inclined Plane 


When a body rolls down a rough in- 
clined plane the motion may be pure 
rolling or a combination of rolling and 
sliding and both sorts of motion have to 
be investigated. Equations (2) and (7) 
of part “A” give 


F Kk? 


(1) 


PROBLEMS RELATING TO ROLLING WITH SLIPPING 


But F cannot be greater than pei 
Consequently the motion will be a cop. 
bination of rolling and sliding if 


K2 
> (2 
and will be pure rolling if 
Ve 
tand < us, (3) 


where ys is the coefficient of static fric. 
tion. 

Before attempting to solve the equ. 
tions of motion for a body rolling downs 
plane, it will therefore be necessary to 
discover which of the inequalities (2) or 
(3) is true. If (2) is true the results of 
part “‘A” are correct, but if (8) is tre 
the results of ‘‘B’’ must be used. 

When sliding occurs the instantaneous 
center is not at the point of contact ( 
but on the line OC below or above the 
plane at a distance R from O, such that 


G,= Ra or R= = 
a 
(a, being now not equal to ra). 


General Remarks 


In problems where in addition to the 
weight of the body other external forces 
are involved the whole procedure oi 
solution is slightly different. 

The direction of the frictional resist- 
ance must be assumed first and from the 
equations 2F, = Ma, and 2T = Ia the 
value for F, required for rolling, may be 
obtained. This value for F must be com- 
pared to the maximum possible (avail 
able) frictional force obtained from 2, 
= Ma, =0. Substituting the late 
value, if slipping occurs, into ZT = la 
and ZF, = Maz, the values of a and 4 
may be obtained. The negative signs 2 
final results indicate, as usual, that the 
directions must be reversed. 
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Minutes of Executive Board Meeting 


A meeting of the Executive Board of 
The American Society for Engineering 
Education was held on Saturday, Sep- 
tember 29, 1951, at Cornell University, 
Ithaca, New York. Those present were: 
§. C. Hollister, President, M. M. Boring, 
A, B. Bronwell, L. E. Grinter, J. H. 
Lampe, G. A. Rosselot, C. L. Skelley, 
and B. Bowen. The meeting was called 
to order at 9:30 A.M. 


Report of the Treasurer: 


The report of the Treasurer was pre- 
sented. Receipts and disbursements were 
reviewed in the period of July 1 to Sep- 
tember 30, 1951 as compared with the 
first quarter of last year. 

Vice President Lampe reported on the 
plans for the ECAC meeting. The two 
major topics to be discussed are: (1) 
adequacy and standards of engineering 
education, and (2) cooperation between 
junior colleges, secondary ‘schools, and 
colleges in matters relating to educational 
standards, guidanee, ete. He requested 
President Hollister to handle the first 
topic and will secure speakers for the 
second topic. 

Vice President Rosselot reported that 
the ECRC has been studying the problem 
of contract relations with the federal gov- 
ernment since June. There have been 
active conferences in Washington on such 
matters as equipment procurement prob- 
lems, contract regulations, patents, ete. 
The ECRC is attempting to formulate a 
sound policy embodying desirable fea- 
tures of contract relationships between 
the federal government and engineering 
colleges. These problems will constitute 
the program material for the Houston 
meeting. 


Improvement of Teaching: 


Vice President Grinter reported that 
the Committee on Improvement of Teach- 
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ing has sent a preliminary report to the 
chairmen of institutional committees and 
deans of engineering colleges, asking for 
comments and criticisms. A small writ- 
ing committee will be appointed to pre- 
pare a final report to be presented at the 
Annual Meeting at Dartmouth. The 
Committee is working with the Division 
of Educational Methods so that in the 
future the work can be earried on by 
this Division. 

Unity of the Profession: 


Dean Saville has requested specific ree- 
ommendations from the Society on the 
proposed plans for a Unity of the Profes- 
sion Organization. At the June 29 meet- 
ing of the General Council a motion was 
passed to the effect that the ASEE should 
be included in any unity organization and 
that the Society should cooperate fully 
in the formation of such an organization, 
provided that the ASEE as a constituent 
society can retain its present membership 
requirements. However, this resolution 
was not definitive enough to enable Dean 
Saville to present the recommendations 
of the ASEE as to the structure of the 
unity organization. After considering 
the four proposals prepared by the EJC 
Committee on Unity of the Profession, 
the Executive Board expressed prefer- 
ence for some type of organization which 
would combine the desirable features of 
Plans A and B. In general, the Council 
type of organization seemed to be pre- 
ferred over the individual membership 
type of organization. 


Joint Committees with Organizations of 
Junior College and Secondary School 
Principals and Counselors: 


President Hollister proposed that the 
ASEE take steps to set up a joint com- 
mittee enabling the junior college facul- 
ties, high school principals, and voca- 
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tional counselors to participate with the 
Society in discussions of problems relat- 
ing to the adequate preparation of engi- 
neering students. He stated that the 
ASEE could lay the groundwork for 
real cooperation between engineering col- 
leges, junior colleges and high schools. 
As a means of initiating this program, it 


was proposed that three people be invited - 


to attend the Houston meeting for active 
participation: a member of the Science 
Teachers Association, a member of the 
High School Principals Association, and 
one person from the Edison Educational 
Foundation. Invitations will also be ex- 
tended to Admiral Bowen and Mr. Paul 
Busse of the Edison Foundation to at- 
tend the ASEE meetings in Houston. 

The Secretary mentioned that a Junior 
College Committee has not yet been ap- 
pointed. It was decided to defer ap- 
pointment of this Committee until the 
new program of cooperation with Junior 
Colleges and Secondary Schools has been 
clarified. It was pointed out that since the 
Secondary Schools Committee is a Com- 
mittee of the ECAC, it might be logical 
to have the Junior College Committee 
also report to the ECAC. 


Suggestions from Society Members for 
Consideration by the Council: 


The Executive Board decided to ap- 
point a committee of members of the 
General Council to study the problem of 
setting up a mechanism for more active 
participation by Society members. 


Mailing of American Council on Educa- 
tion Bulletins: 


The question was raised as to whether 
or not the Society should continue to sub- 
sidize mailing of American Council on 
Education bulletins to engineering deans. 
It was decided to continue this mailing. 


Mission on Engineering Education to 
Japan: 


Secretary Bronwell outlined briefly the 
work of the Mission on Engineering Edu- 
cation to Japan during the past summer. 
The fifteen members of the Mission, un- 


der the chairmanship of Harold Hazen, 
held meetings in educational center 
throughout Japan. The meetings wer 
in the form of panel discussions, with 
U. S. and Japanese representatives op 
the same panel. Over 1000 Japaneg 
educators participated in these disens- 
sions. 

The panel discussions dealt with ad- 
ministrative problems, research policies, 
cooperation between industry and el- 
leges, improvement of teaching, and spe. 
cialized topics in various curricular areas, 
The panel discussion system proved to be 
very successful in focusing attention 
upon those problems which were of great- 
est importance to the Japanese. 

‘The Secretary commented favorably on 
the progress which is being made in r- 
search in engineering colleges and pointed 
out some of the problems in their edu- 
cational system, many of which are quite 
similar to problems in American engi- 
neering colleges. A proposal has been 
made to set up a society for engineer- 
ing education in Japan comparable to 
the ASEE. The Secretary stated that 
extremely cordial hospitality had been 
accorded members of the Mission by the 
Japanese educators and that the Mission 
has served to develop working relation- 
ships between Japanese and American 
educators, as well as a common bond of 
friendship. 


Other Missions on Research and Engi- 
neering Education: 


It was pointed out that several mis- 
sions on research and education are being 
organized to visit European countries. 
The Executive Board expressed the 
opinion that the ASEE should be off- 
cially represented on these missions. Dr. 
Rosselot and Dr. Grinter will confer with 
the proper authorities on methods of get- 
ting ASEE representatives appointed to 
these missions. 


Summer School Requests: 


The Board approved the requests of 
the Electrical Engineering Division and 
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the English Division for summer schools 
to be held at Dartmouth in June. Details 
of planning of these two summer schools 
should be arranged with Dean Kimball 
by the Divisions themselves. Mr. Boring 
mentioned that the General Electrie Com- 
pany would like to sponsor a “Methods 
of Instruction” program during the week 
after the Annual Meeting at Schenectady 
in order to familiarize educators with 
some of the novel methods of instruction 
used in the company’s post-graduate pro- 
gram. The Executive Board approved 
this plan, details of which will be worked 
out by Mr. Boring. 


Organization of Textile Committee: 


The Secretary read a letter from Pro- 
fessor Rogers Finch of M.I.T. suggest- 
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ing the possibility of the organization of 
a Committee on Textile Engineering in 
the ASEE. A motion recommending the 
formation of such a committee was ap- 
proved. 


Associate Institutional Membership 
Drive: 


President Hollister stated that Mr. 
Jesse McKeon had been appointed chair- 
man of a committee to approach those 
industries which are interested in engi- 
neering education in order to expand the 
number of associate institutional mem- 
bers. Mr. McKeon is now getting this 
project organized. 

Respectfully submitted, 
ARTHUR BRONWELL, 
Secretary 


College Notes 


(Continued from page 176) 


inspection of Army Specialized Training 
Program units in the Third Service 
Command. 

From 1924 to 1927, Dean Hammond 
was associate director of a comprehensive 
study known as the “Investigation of 
Engineering Education,” which was spon- 
sored by the ASEK. He was an active 
member of the ASEH, serving as Vice- 
President in 1934-35 and as President 
in 1936-37. He was one of the organ- 
iers of the Engineers’ Council for Pro- 
fessional Development and also helped to 
organize and served until last year as 
Chairman of the Council’s Committee on 
Technical Institutes. 

Dr. Walker during the period 1942 to 
1945 served as research associate, assist- 
ant director, and finally associate di- 
rector of the Harvard Underwater Sound 
Laboratory, Cambridge, Mass., where he 
had charge of the development of ord- 
nance weapons. For his work there, he 


was awarded the Naval Ordnance De- 
velopment Award and also a Presidential 
Certificate of Merit. 

In 1945, through the efforts of Dr. 
Walker and Dean Hammond, arrange- 
ments between the College and the Bu- 
reau of Ordnance, Navy Department, were 
completed, establishing the Ordnance Re- 
search Laboratory at Penn State. Work 
in the laboratory started on October 1, 
1945, and many of the staff members, 
including Dr. Walker, came to Penn 
State from the Harvard Underwater 
Sound Laboratory. Dr. Walker has 
served as Director of the Laboratory 
from its founding and at the same time 
has held the position of Professor and 
Head of the Department of Electrical 
Engineering. 

Dr. Walker, who was elected last year 
as a director of the ECRC, has also 
served as Chairman of the Educational 
Methods Division of the ASEE. 


Section 
* Allegheny 


Tllinois-Indiana 
Kansas-Nebraska 
Michigan 


Middle Atlantic 


Missouri 


*National Capital Area 


*New England 


*North Midwest 


*Ohio 


*Pacific Northwest 


*Pacific Southwest 


*Rocky Mountain 


Southeastern 


Southwestern 


*Upper New York 


Section Meetings 


Location of Meeting 
Carnegie Institute 


University of 
Tilinois 

University of 
Nebraska 


University of 
Detroit 


Newark College of 
Engineering 


University of 
Arkansas 


Ohio State 
University 


Seattle 
Los Angeles 
San Francisco 


University of 
Wyoming 


Clemson College 
University of 
Houston 


Clarkson College 


Dates 


May 17, 1952 

Nov. 16-17, 
1951 

May 10, 1952 


December, 
1951 


April 5 or 12, 
1952 


April, 1952 


April 10, 11, 
12, 1952. 


April 11 & 12, 
1952 


Chairman of Section 


E. B. Stavely, 

Pennsylvania State 
College 

D. G. Ryan, 

University of Illinois 

Kenneth Rose, 

University of Kansys 

W. P. Godfrey, 

University of Detroit 

8. J. Tracy, Jr., 

City College of 
New York 

R. Z. Williams, 

Missouri School of 
Mines 

W. Oncken, Jr., 

Bureau of Ordnance 

W. C. White, 

Northeastern 
University 

K. F. Wendt, 

University of 
Wisconsin 

W. F. Brown, 

University of Toledo 

T. H. Campbell, 

University of 
Washington 

S. F. Duncan, 

University of South- 
ern California 

E. J. Lindahl, 

University of 
Wyoming 

R. L. Sumwalt, 

University of 
South Carolina. 

H. P. Adams, 

Oklahoma A. & M. 
College 

W. H. Allison, 

Clarkson College 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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New Members 


BLAKEMORE, WyaTT D., Instructor in Engi- 
neering Drawing, Iowa State College, 
Ames, Iowa. A. S. Gaskell, S. J. Cham- 
berlain. 

BLisaRD, THoMAS J., Associate Professor of 
Physics, Newark College of Engineering, 
Newark, N. J. OC. V. Bertsch, H. H. 
Smith. 

BowMAN, JoHN J., Director, Bowman Tech- 
nical School, Lancaster, Pa. K. O. 
Werwath, S. A. Eng. 

BRILL, KENNETH G., JR., Associate Pro- 
fessor of Geology and Geological Engi- 
neering, St. Louis University, St. Louis, 
Mo. R. R. Heinrich, J. B. Macelwane. 

Brooks, EpwarpD M., Associate Professor of 
Geophysics and Geophysical Engineering, 
St. Louis University, St. Louis, Mo. R. R. 
Heinrich, J. B. Macelwane. 

Buss, FRANK W., JR., Associate Professor 
of Engineering, St. Louis University, St. 
Louis, Mo. R. R. Heinrich, J. B. Mac- 
elwane. 

Burger, WILLIAM V., Registrar, Colorado 
School of Mines, Golden, Colo. F. R. 
Campbell, G. W. LeMaire. 

CLarK, Roperick D. M., Instructor in Geo- 
physics and Geophysical Engineering, St. 
Louis University, St. Louis, Mo. R. R. 
Heinrich, J. B. Macelwane. 

CoyLe, Frank J., Associate, Bureau of 
Trade and Technical Education, N. Y. 
State Dept. of Education, Albany, N. Y. 
W. H. Branch, F. E. Almstead. 

CREELMAN, GEorGE D., Research Coordina- 
tor, M. A. Hanna Company, Cleveland, 
Ohio. C. E. MacQuigg, L. D. Jones. 

Cronin, James L., Jr., Assistant Professor 
of Engineering, St. Louis University, St. 
Louis, Mo. R. R. Heinrich, J. B. Mac- 
elwane. 

CROWNINSHIELD, WILLIAM W., Head, Me- 
chanical Dept., Franklin Technical In- 
stitute, Boston, Mass. R. G. Adams, 
P. H. Humphries. 

Davis, CHARLES R., Professor of English, 
Rutgers University, New Brunswick, N. J. 
E. C. Easton, M. T. Ayers. 
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Davis, JoHN F., Instructor in Electrical 
Engineering, University of New Mexico, 
Albuquerque, N. M. M .E. Van Valken- 
burg, W. G. Hoover. 

DeSousa, Jose Carutos C., Graduate Stu- 
dent, University of Michigan, Ann Arbor, 
Mich. G. W. Clark, N. S. Waner. 

DREIFKE, GERALD E., Assistant Professor of 
Engineering, St. Louis University, St. 
Louis, Mo. R. R. Heinrich, J. B. Mace- 
elwane. 

FEIGEN, Morris, Associate Engineer, Engi- 
neering Dept., University of California, 
Los Angeles, Calif. C. M. Duke, J. M. 
English. 

FELDMAN, Epwarp S., Instructor, Univer- 
sity of California, Los Angeles, Calif. 
C. M. Duke, J. C. Dillon. 

FULLER, H. Epwarp, Instructor in Electri- 
_eal Engineering, Franklin Technical In- 
stitute, Boston, Mass. R. G. Adams, B. K. 
Thorogood. 

Hurr, WILBERT J., Professor and Chairman 
of Chemical Engineering, University of 
Maryland, College Park, Md. S. S. Stein- 
berg, R. B. Allen. 

Hunt, Roy E., Technical Recruiting Divi- 
sion, General Electric Company, Schenec- 
tady, N. Y. C. F. Terwilliger, K. B. Me- 
Eachron, Jr. 

JOHNSON, CHARLES A., Assistant Professor 
of Mathematics, Missouri School of Mines, 
Rolla, Mo. R. M. Rankin, R. H. Kerr. 

KimBatL, LEE E., Assistant Professor of 
Engineering, St. Louis University, St. 
Louis, Mo. R. R. Heinrich, J. B. Mac- 
elwane. 

KISSLINGER, CARL, Instructor in Geophysics 
and Geophysical Engineering, St. Louis 
University, St. Louis, Mo. R. R. Heinrich, 
J. B. Macelwane. 

Kysurz, Paut H., Instructor in Mechanical 
Engineering, Michigan State College, East 
Lansing, Mich. C. C. Sigerfoos, H. L. 
Womochel. 

MARSHALL, STANLEY C., Assistant to Direc- 
tor, Penn Technical Institute, Pittsburgh, 
Pa. N. P. Bosted, L. A. Dimasi. 
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McBripg, Guy T. ,Assistant Professor of 
Chemical Engineering, Associate Dean of 
Students, The Rice Institute, Houston, 
Texas, W. V. Houston, L. B. Ryon. 


McManus, Joun F., Assistant to the Dean, 


Cornell University, Ithaca, N. Y. W. L. 
Conwell, R. F. Chamberlain. 

MILLER, Howarp M., Personnel Consultant, 
Engineering Dept., E. I. duPont de 
Nemours & Company, Wilmington, Del. 
R. L. Sumwalt, L. E. Grinter. 

PANLENER, GLENN F., Assistant Professor 
of Mechanical Engineering, New Mexico 
College of A. & M. A., Las Cruces, N. M. 
M. A. Thomas, R. E. James. 

Pinotre, Frank F., Instructor in Geo- 
physics and Geophysical Engineering, St. 
Louis University, St. Louis, Mo. R. R. 
Heinrich, J. B. Macelwane. 

Porrer, Cuark A., Instructor in Engineer- 
ing, St. Louis University, St. Louis, Mo. 
R. R. Heinrich, J. B. Macelwane. 

REICKERT, FREDERICK A., Associate Profes- 
sor of Civil Engineering, University of 


Tllinois, Urbana, Ill. J. C. Dietz, T. ¢, 
Shedd. 

RicE, WARREN, Instructor in Mechanical 
Engineering, A. & M. College of Texas, 
College Station, Texas. R. M. Wingren, 
R. V. Jarvi. 

RIcHARDS, CEepRIc W., Instructor in Civil 
Engineering, Stanford University, Stan- 
ford, Calif. E. L. Grant, H. A. Williams, 

RUSSELL, ARTHUR L., Head of Electrical 
Dept., Franklin Technical Institute, Bos. 


ton, Mass. R. G. Adams, P. H. Hum. 
phries. 
SHAUGHNESSY, THOMAS E., Deputy for 


Education, The Ordnance School, Aber- 
deen, P. G., Md. D. C. Jackson, Jr, 
F. E. Roediger. 

SPENCE, Davip W., Instructor in Electrical 
Engineering, Syracuse University, Syra- 
cuse, N. Y. S. Seely, R. A. Galbraith. 

Strum, Rosert D., Instructor in Electrical 
Engineering, Rose Polytechnic Institute, 
Terre Haute, Indiana. C. C. Knipmeyer, 
R. M. Ross. 

170 new members this year 
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“One of Our Outstanding 
Pieces of Equipment 


L. J. Sitterlee, Head of Dept. of Elec- 
trical Technology, Institute of Applied 
Arts and Sciences, State University 
of New York, says: ‘‘We feel that the 
small G-E dynamometer is poten- 
tially one of our outstanding pieces 
of equipment. We are able to demon- 
strate principles that are usually 
done on machines costing much 
— It is small, compact, and ver- 
satile. 


“By using a variety of motor mounts 
we are able to test quickly, and 
accurately, any type fractional-horse- 
power motor. Since the instruments 
and load are mounted on the dyna- 
mometer frame, the auxiliary equip- 
ment is reduced to a minimum. The 
self-contained dynamometers are 


Department head 
praises low-cost 
G-E Fractional-Horse- 


power Dynamomefter 


ideally suited for small motor repair 
shops as well as laboratories.’’ 


Use the G-E fractional-horsepower 
dynamometer to: 


@ Analyze motor and generator char- 
acteristics 
@Check performance of units built 
by students 
@Study principles and uses of dy- 
namometers 
@ Determine starting and maximum 
running torques 

For further information on this 
versatile, packaged, low-cost unit, 
contact your nearby G-E representa- 
tive today, or write for Bulletin 
GEC-635A. General Electric Co., 
Schenectady, N. Y. 
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THE VISUAL IMPACT OF A PHOTOELASTIC IMAGE 


Drives home the fundamentals of sculptured design for fatigue- 
tough structures @ No other method so quickly emphasizes 
the importance of stress distribution @ Chapman Labora- 
tories offer complete cas 

packages—Simple, ver- 
satile, budget priced. 


STRAIN FREE SQUARE 

EDGED MODELS MADE 

FROM TEMPLATE IN 
TEN MINUTES 


NO ANNEALING 
NO POLISHING 


COMPLETE KIT WITH 
FULL INSTRUCTIONS 
INCLUDING SUPPLY 
OF PLASTIC AND 
SAMPLE TEMPLATES 


*255.° FOB 


Brilliant image projected 
downward on sketching 
pad. 

Centralized controls of 
load—focus—azimuth. 


Instant selection of dual 
light source. 

Quarter wave plates in- 
stantly removable. 


Synchronized polarizer 
and analyzer. 


Requires desk top vce 
10” wide x 45” overa 


length. 
Complete *732." FOB 
Class room projection 
5” POLARISCOPE AND 150 POUND unit and photographic 
LOADING FRAME accessories available. 
Components sold separately to fit running budget. i 


DETAILS UPON REQUEST 


Chapman Laboratories, P.0. 207, West Chester, Pa. 
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NEW ADDISON-WESLEY TEXTBOOKS 


INTRODUCTION TO ACOUSTICS 
By R. H. RANDALL, College of the City of New York 


An undergraduate textbook for courses on the junior-senior level. Par- 
ticularly for students of physics and for engineering students specializing 
in communications and electroacoustics. A working knowledge of calcu- 
lus is assumed. 


Cloth bound—IIlustrated—340 pages—1951 $6.00 


FUNDAMENTALS OF ELECTRONICS 
By F. H. MitcHe., University of Alabama 


An undergraduate textbook for electronics courses for non-electrical engi- 
neers. The book concerns itself particularly with electronic apparatus 
used in the laboratory. 


Cloth bound—IIlustrated—243 pages—1951 $4.50 


ELEMENTS OF PHYSICAL METALLURGY 
By A. G. Guy, North Carolina State College 


A textbook for engineering courses in fundamentals of physical metallurgy. 
Offers an unusually broad, unspecialized coverage of the field. 


Cloth bound—Illustrated—c. 300 pages—1951 $6.50 


ELEMENTS OF CERAMICS 
By F. H. Norton, Massachusetts Institute of Technology 


This new book is designed to cover the principles underlying the various 
processes used in the ceramic field with enough illustrations to make their 
application clear. Emphasis is placed on unit processes rather than on a 
discussion of products. 


Cloth bound—Illustrated—c. 260 pages—1951 $6.50 


THE ALGEBRA OF VECTORS AND MATRICES 
By T. L. Wane, Florida State University 


A textbook on the senior-graduate level which presents the elementary 
expositions of matrix and vector algebra articulated with the group, in- 
tegral domain, field, ring, basis, dimension, and isomorphism concepts of 
algebraic theory. 


Cloth bound—Illustrated—189 pages—1951 $4.50 


CALCULUS AND ANALYTIC GEOMETRY 
By G. B. Tuomas, Massachusetts Institute of Technology 


Motivation is the keynote of this excellent undergraduate textbook de- 
signed particularly for engineering students. Integration is introduced 
.at an early stage with many applications to geometry and mechanics. 


Cloth bound—Illustrated—685 pages—1951 $6.00 


Examination copies for classroom adoption consideration 
cheerfully sent upon request 


ADDISON-WESLEY PRESS, INC., CAMBRIDGE 42, MASS. 
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VAN NOSTRAND 
FOR COLLEGE TEXTS bit: 


Ready Now for Examination 


FUNDAMENTALS OF 
RADIO COMMUNICATIONS 


By ABRAHAM SHEINGOLD. 


ies Up-to-Date RADIO. COMMUNICATIONS TEXT Cover- 
ing Chreuit Theory and Operational Characteristics of A-M and 
F-M Sound Communication Systems, Television and Facsimile, 
Frequency-Sharing and Time-Sharing Multiplex Systems, and 
Radar, Loran and Other Aids to Navigation. Meets a Definite 
Need on the Intermediate Level. More than 300 Illustrative 
Figures Are Included. 


Primarily designed for use in a one-year radio course. Since 
there are no college-level subject prerequisites, this course might 
be offered in any one of the college-year levels. Some previous 
work in D-C and A-C electricity is desirable, but not essential. 
Can also be effectively used in courses connected with. technical 
terminal education programs and in military training programs. 
Suitable also for Junior colleges. 448 pp.—6 x 9—Well Illustrated 
—Cloth Binding—$5.25 


THE DESIGN OF 
SWITCHING CIRCUITS 


By 
WILLIAM KEISTER, ALISTAIR E. RITCHIE and SETH H. WASHBURN 
Members, Technical Staff, Bell Telephone Laboratories, Inc. 


A New ELECTRICAL ENGINEERING TEXT Presenting 
the Basic Techniques of Switching Circuit Design Applicable to 
Digital Computers, Other Complex Control Systems and Tele- 
phone Switching Systems. Profusely Illustrated. 


Level—Suitable for instruction from the junior to graduate level. 
Prerequisites—An understanding of basic electric circuit theory 
and some knowledge of electromagnetic and electronic appara- 
tus. Large number of problems illustrating important phases of 
circuit design. 556 pp.—6x9—Cloth—Very Well Illustrated—$6.00 


If You Teach or Direct These Courses, 
EXAMINATION COPIES ARE AVAILABLE 
Within The Limits of The Continental U.S.A. 


if na) D. VAN NOSTRAND COMPANY, INC. 


PUBLISHERS SINCE 1848 
250 FOURTH ‘AVENUE. NEW YORK 3,N 
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SOIL MECHANICS, FOUNDATIONS, AND EARTH STRUC- 
TURES 


By Grecory P. TscnesorariorF, Princeton University. Civil Engineering 
Series. 655 pages, $6.50 


Introductory without being elementary, this text presents for the first time the 
theory of soil mechanics in an integrated treatment with the practice of founda- 
tion and earth structure design and construction, showing the relationships of 
these three subjects. More than 400 illustrations, 450 references, and numerous 
step-by-step solutions are included. 


GENERAL NETWORK ANALYSIS 


By Wirsur LePace and SamMuet Seety, Syracuse University. Electrical 
and Electronic Engineering Series. Ready in November 


A text designed to lay the foundation for most phases of network analysis, this 
book is developed from elementary concepts. It covers lumped and distributed 
networks in the steady state and lumped networks in the transient state. Em- 
phasis is on understanding rather than on rules for working problems. 


ELECTRICAL ENGINEERING. Sixth Edition 
By Crarence V. Curistiz, McGill University. Ready in November 


A revision of this standard text, containing much new information as well as 
new descriptive material and problems. Slanted primarily for power courses, 
the text still offers a satisfactory basis for students interested in the communica- 
tion field alone. As before the treatment is fundamental and general. 


A COURSE IN ELECTRICAL ENGINEERING. Vol. I. Direct 
Currents. New Fourth Edition 


By Cuester L, Dawes, Harvard University. Electrical Engineering Te-ts. 
Ready in January 


A thorough revision of this leading text, providing a general course for beginning 
students including both theory and practice in the field of direct currents. Em- 
phasis is on the theoretical and mathematical treatment of each subject. Each 
development is illustrated by a numerical example applied to actual electrical 
apparatus. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 18, N.Y. 
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